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chapter 1
The social position of individuals in a society is associated with health and disease 
throughout the whole life span, with persons further down the social ladder be-
ing worst off.1-4 Social position encompasses different aspects such as material and 
financial resources, knowledge, social support, and housing conditions. In scien-
tific research, low social position is often indicated by low income, low education, 
unemployment, single or teenage parenthood, neighbourhood disadvantage, or 
 ethnic minority status. In this thesis, we study a few indicators of unfavourable 
social positions. The collective of these indicators is referred to as “social disad-
vantage”. 
During the past decades, numerous studies in both Western and non-Western 
countries have indicated large health inequalities between socially advantaged 
and disadvantaged people.1-4 The inequalities are seen in virtually all indicators of 
health. In the Netherlands, for instance, social disadvantage is associated with a life 
expectancy reduction between 6 to 7 years and with a reduction in healthy (without 
disability) life years of 16 to 19 years.5 This is the consequence of higher rates of 
different diseases among socially disadvantaged persons, such as cardiovascular 
disease6 7, cancer8, and psychiatric disorders9 10, like depression, anxiety disorders, 
and schizophrenia. Analogous to the social disadvantage gradient in morbidity and 
mortality in adult life, health inequalities are also frequently observed in children 
and adolescents. Higher rates of obesity11, asthma12 13, and infectious diseases14 15 
as well as a smaller attained length13 16-18 among children from socially disadvan-
taged backgrounds have been reported. Furthermore, inequalities in behaviour and 
cognition during childhood are also often observed. Adolescents and school aged 
children growing up in socially disadvantaged families display more behavioural 
problems and are more often diagnosed with psychiatric disorders, such as disrup-
tive behavioural disorders, ADHD, and depression.19-34 Frequently, socially disadvan-
taged children show delays in different developmental areas, such as language and 
motor development as well as general cognitive function.35-39 Given this, it is not 
surprising that these children tend to perform less well in schools and have a lower 
educational attainment.40 41 A social disadvantage gradient has also been found in 
pregnancy and birth outcomes: women with a low socio-economic or ethnic mino-
rity background have higher risks of pregnancy complications and adverse birth 
outcomes such as pre-eclampsia42 43, preterm birth44-49, and low birth weight49-54 55-57. 
The neonatal morbidity and mortality rates are also higher in  socially disadvan-
taged families.58-60 
To summarize, health inequalities between socially advantaged and disadvan-
taged people are widespread and seem to involve the whole spectrum of health 
and disease. Obviously, prevention of these undesirable health inequalities is a 
major public health goal. Health inequalities between socially advantaged and dis-
advantaged people are already present early in life and persevere throughout the 
whole life span. Consequently, attempts to tackle this gradient in health should 
start by reducing socio-economic and ethnic inequalities in fetal life and infancy. 
However, the indicators of social disadvantage, such as low socio-economic status 
and ethnic minority status, are not easily amendable. Therefore, it is necessary 
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1to unravel the pathways through which social disadvantage leads to health and 
disease. These pathways might offer a window of opportunity for prevention and 
intervention programs. 
As mentioned above, the relation between social disadvantage and health is pro-
bably not a direct one: the effect of social disadvantage on health is likely to 
act trough a number of more specific health determinants that are unequally 
 distr ibuted across different socio-economic and ethnic groups. Research has started 
to evaluate the pathways through which social disadvantage influences health.61 62 
Regarding birth outcomes, different indicators of socio-economic status have 
frequently been associated with higher rates of preterm birth44-49 and low birth 
weight49-57. A younger age, shorter height and smoking habits of women with a low 
socio-economic status explained a small part of these elevated risks.44-46 55-57 It has 
been hypothesized that psychosocial risk factors and unhealthy lifestyle habits ex-
plain part of the inequalities in pregnancy outcomes, as these factors are both more 
prevalent among women in socially disadvantaged groups and are determinants 
of pregnancy outcomes like preterm birth and birth weight.63 64 These hypotheses 
have not yet been verified. 
Even though there is extensive literature on socioeconomic inequalities in 
be havioural problems19-29, few studies have been carried out on the association 
 between socioeconomic status and infant temperament65-68, which is a way to con-
ceptualise early emotional differences. Likewise, the indications of behavioural 
and mental health problems among ethnic minority children stem from studies 
among school-aged children and adolescents30-34, while research hardly focussed 
on preschool children. Recent research identified young parental age and single 
parenthood as explanatory factors in the association between social disadvantage 
and behaviour.19 29 However, many other factors might be involved and explain 
differences in mental health. Indicators of parental psychosocial well being are 
associated with child behavioural problems.23 69-71 One can think of parental psy-
chopathology, parents knowledge about and skills in caretaking practices, financial 
strain, and family stress, just to name a few. As psychosocial functioning of persons 
is also related to their social position, these variables might be on the pathway 
between social disadvantage and child behaviour. 
In conclusion, the exact pathways how social disadvantage ‘gets under the skin’ 
and causes poor health are only partially known. Therefore, this thesis aimed to 
extend the existing knowledge on the relation between social disadvantage and 
health and behaviour early in life. The studies were conducted in The Generation 
R Study, which offers a unique opportunity to investigate whether biological and 
environmental factors during pregnancy and the first years of life can explain 
 social inequalities in infant health and behaviour. 
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chapter 1
The specific aims of this thesis were: 
1a. To study the association between social disadvantage and pregnancy 
      outcomes, of which preterm birth and birth weight were the main focus.
1b. To examine explanatory mechanisms in educational and employment-related 
      inequalities in adverse pregnancy outcomes.
2a. To study the association of social disadvantage with child behaviour and 
      parental harsh discipline in early childhood. 
2b. To examine explanatory mechanisms in socioeconomic and ethnic 
      inequalities in child behaviour and parental harsh discipline. 
The Generation R Study is a prospective population-based cohort study from fetal 
life onwards in Rotterdam, the Netherlands.72-75 Generation R is designed to iden-
tify early environmental and biological determinants of growth, development and 
health in fetal life and childhood. The socioeconomically diverse and multi-ethnic 
character of this urban cohort makes it an ideal setting to study the aims of this 
thesis. 
Briefly, all pregnant women living in the study area with a delivery date be-
tween April 2002 and January 2006 were eligible for enrolment in the Generation 
R Study. Health care workers like community midwives and obstetricians informed 
pregnant women about the study. Enrolment was aimed early during pregnancy, 
but was possible until birth of the child. During pregnancy, assessments included 
questionnaires, physical examinations of the women and their partners, and fe-
tal ultrasound examinations. The questionnaires assessed a wide range of topics 
 regarding health related issues, psychosocial functioning and life style habits of the 
participants. Assessments were planned in early pregnancy (<18 weeks’ gestation), 
mid-pregnancy (18-25 weeks’ gestation) and late pregnancy (>25 weeks’ gestation). 
Information on pregnancy complications, birth outcomes, and indicators of neo-
natal health was obtained from the medical records of the hospital and midwife 
registries. After birth, assessments carried on through routine visits to child health 
centers and by means of questionnaires at 2, 6, 12, 18, 24, 30, and 36 months. In 
these questionnaires, parents reported repeatedly on their child’s health, develop-
ment, and behaviour. Several times, they were also asked to report on their own 
health and parenting style. 
In total, 9778 pregnant women were included, of whom 8880 enrolled in the 
prenatal part of the study. The participating women gave birth to 9745 live born 
children. Due to exclusion of participants from the pilot phase (12%) and because of 
withdrawal from the study (7%), 7893 children participated in the postnatal phase 
of the Generation R Study. Of 598 children, parents gave solely permission to use 
information obtained from the child health centers. Full consent for the postnatal 
phase of the Generation R Study, which included obtaining information from the 
child health centers as well as assessments via postal questionnaires, was obtained 
from 7295 children and their parents. Due to missing data on determinants or 
13
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differed between the various studies presented in this thesis. 
outline
In chapter 2, the association between social disadvantage and different pregnancy 
outcomes is studied. Educational differences in fetal growth (chapter 2.1), preterm 
birth (chapter 2.2), and birth weight (chapter 2.3) are presented with a focus on 
the mediating mechanisms that possibly explain the associations. Furthermore, 
the association between (un)employment and maternal pregnancy complications, 
 delivery outcomes and markers of neonatal health are studied (chapter 2.4). Chapter 
3 shows the relation between social disadvantage and behaviour of both children 
and their parents during early childhood. Socioeconomic inequalities in infant tem-
perament and ethnic differences in behavioural problems of toddlers are presented 
(chapters 3.1 and 3.2). In both studies, the role of family risk  factors is explored as 
possible explanatory mechanisms. With regard to the ethnic differences in child 
behaviour, we additionally examined the role of immigration characteristics of the 
mothers. In chapter 3.3 sociodemographic and psychosocial determinants of use of 
harsh discipline by mothers and fathers are studied, as harsh discipline presents 
a risk for healthy child development. Finally, the main findings of this thesis are 
interpreted and some methodological aspects of the studies are discussed (chapter 
4). Additionally, implications for future research as well as suggestions for public 
health and clinical practice are presented. 
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ABSTRACT
objectives: To study level of maternal education (high, mid-high, mid-low and 
low) and its association with fetal weight, head circumference, abdominal circum-
ference, and femur length, measured in different periods of pregnancy. Main 
 hypotheses: low maternal education is associated with a slower fetal growth and 
equally affects different parts of the fetal body.
design: Population-based prospective cohort study (The Generation R Study).
setting and participants: Pregnant women living in Rotterdam, the Netherlands, 
who gave birth between April 2002 and January 2006. Analyses were restricted to 
3545 pregnant women with a Dutch ethnicity and available data.
main outcome measures: Fetal weight, head circumference, abdominal circum-
ference and femur length, measured with ultrasound in mid and late pregnancy. 
results: In fetuses of women with low education relative to those of women with 
high education, fetal growth was slower, leading to a lower fetal weight that was 
statistically significant from late pregnancy onwards. In these fetuses, growth of 
the head (-0.16 mm/week; 95% CI: -0.25 to 0.07), abdomen (-0.10 mm/week; 95% CI: 
-0.21 to 0.01) and femur (-0.03 mm/week; 95% CI: -0.05 to 0.005) were all slower; 
from mid-pregnancy onwards, head circumference was significantly smaller, and 
from late pregnancy onwards, femur length was also significantly smaller. The 
negative effect of low education was greatest for head circumference (difference in 
standard-deviation score in late pregnancy: -0.26; 95% CI: -0.36 to 0.16). This  effect 
remained statistically significant even after adjustment for various potential media-
tors (adjusted difference: -0.14; 95% CI: -0.25 to 0.03). 
conclusion: Low maternal education impairs fetal growth and appears to affect 
growth of the fetal brain more than that of peripheral and abdominal tissues. This 
might have consequences for later cognitive ability, educational attainment and 
job performance for the offspring of low-educated mothers.
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INTRODUCTION
Fetal growth is an important determinant of future health.1-5 An impaired fetal 
growth increases the risk of perinatal and neonatal death1, and of various medical 
and developmental problems in childhood3 4 6. Furthermore, there is accumulating 
evidence that poor fetal growth is associated with chronic diseases in adult life, 
particularly cardiovascular diseases.2 5 
Fetal growth is determined by a complex interplay of genetic and environmen-
tal factors.7 One important environmental factor is socioeconomic status, as indi-
cated by educational level, income level or occupation. Compared with women of 
high socioeconomic status, those of low socioeconomic status give birth to babies 
with a lower birth weight.8 9 These socioeconomic inequalities in birth weight sug-
gest that factors related to a low socioeconomic status of the mother impair fetal 
growth.9  Until now, only one study actually related socioeconomic status to direct 
measures of fetal growth rather than size at birth.10 However, the authors used an 
area-based index of socioeconomic status rather than an individual-based measure, 
and stu died fetal-growth characteristics measured only in mid pregnancy, which 
limited the possibility to assess fetal-growth patterns. Because prospective popula-
tion-based studies on the effect of maternal socioeconomic status on fetal growth 
trajectories are lacking, it is not known whether 1) socioeconomic differences in 
fetal growth are constant over time, 2) from which moment onwards differences 
in fetal size become apparent, and 3) whether low socioeconomic status equally 
affects diffe rent parts of the fetal body. 
Therefore, among pregnant women participating in a population-based cohort 
study, we studied level of maternal education as an indicator of socioeconomic 
status and its association with fetal weight, head circumference, abdominal circum-
ference, and femur length, measured in different periods of pregnancy. Assu ming 
that a low maternal education is associated with a slower fetal growth, we ex-
pected that educational differences in fetal size can be observed from late preg-
nancy onwards, since in that period inter-individual variability in fetal size is 
highest.11  Because available data suggest that socioeconomic status does not affect 
proportionality at birth,12 we hypothesized head circumference, abdominal circum-
ference, and femur length to be equally affected by low maternal education.
METHODS
the generation r study
The present study was embedded within the Generation R Study, a population-based 
prospective cohort study from fetal life until young adulthood. The Generation R 
Study has previously been described in detail.13 Briefly, all mothers with an expec-
ted delivery date between April 2002 and January 2006 and living in  Rotterdam, the 
Netherlands, were eligible for participation in the study. While enrolment  ideally 
took place in early pregnancy, it was possible until after the birth of the child. In 
24
chapter 2.1
total, 9778 mothers of various ethnicities and their children were included and 
followed-up (participation rate 61%).13 Assessments during pregnancy took place in 
early pregnancy (gestational age <18 weeks), mid pregnancy (gestational age 18-25 
weeks) and late pregnancy (gestational age >25 weeks). The study was conducted 
in accordance with the guidelines proposed in the World Medical Association Dec-
laration of Helsinki, and has been approved by the Medical Ethical Committee at 
the Erasmus University Medical Center Rotterdam. Written consent was obtained 
from all participating parents.
figure 1. flow chart participants
n=9778
generation r cohort
n=8880
participants enrolled 
during pregnancy
n=4057
participants with a  
dutch ethnicity
excluded: 
•	 data on 2nd (n=332) or 3rd (n=5) 
pregnancy of the same participant
•	 twin pregnancies (n=54)
•	 induced abortions (n=14)
•	 fetal death (n=20)
•	 lost to follow up (n=3)
n=3629
participants eligible for  
present study
excluded due to missing information on: 
•	 educational level (n=20)
•	 fetal gender (n=7)
•	 parity (n=7)
•	 marital status (n=32)
•	 all ultrasound measurements (n=18)
n=3545
population for present analysis
participants eligible for  
present study
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study population
Of the 9778 women, 91% (n=8880) were enrolled during pregnancy.13 Because 
 educational inequalities in pregnancy outcome may differ between ethnic groups.14 
We restricted the present analyses to women with a Dutch ethnicity (n=4057). A 
woman was classified as Dutch if she reported that both her parents had been born 
in the Netherlands.15 For several reasons, 512 women were excluded from analysis 
(figure 1), leaving a study population of 3545 women. 
educational level
At enrolment, we used a questionnaire to establish the highest education achieved 
by each mother. This was categorized into four levels: 
1. high (university degree) 
2. mid-high (higher vocational training) 
3. mid-low (>3 years general secondary school, intermediate vocational training) 
4. low (no education, primary school, lower vocational training, intermediate 
general school, or <3 years at general secondary school).16 
fetal ultrasound measurements and birth weight
Trained sonographers carried out fetal ultrasound measurements in early, mid 
and late pregnancy, which were used to establish gestational age and to measure 
fetal-growth characteristics.17 For the analyses presented below, we used the mea-
surements in mid and late pregnancy of head circumference, abdominal circum-
ference and femur length, as measurements in early pregnancy were intended 
primarily for pregnancy dating. All growth characteristics were measured to the 
nearest millimetre using standardized procedures.18 The estimated fetal weight 
was calculated on the basis of head circumference, abdominal circumference and 
femur length.19 For the models for estimated fetal weight, we also used information 
on birth weight and gestational age at birth, which was obtained from midwife 
and hospital registries. Longitudinal growth curves and gestational-age adjusted 
standard-deviation (SD) scores were constructed for all growth measurements.17 
covariates
Any effect of educational level on fetal growth is probably an indirect one,  acting 
through other more proximal determinants of fetal growth, so-called mediators.20 
The factors listed below were included in this study as potential mediators,  because 
these factors have been shown to contribute significantly to explaining socio-
economic inequalities in size at birth.8
Maternal anthropometrics
Maternal height was measured in the research centers. Pre-pregnancy weight was 
established at enrolment through questionnaire. On the basis of height and pre-
pregnancy weight (weight/height2) we calculated pre-pregnancy body mass index 
(BMI).
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Smoking 
Through questionnaires in early, mid and late pregnancy, we obtained informa-
tion on smoking during pregnancy (no, until pregnancy was known, continued in 
pregnancy). 
Psychosocial and material factors 
Using questionnaires during pregnancy we established marital status (married/
cohabiting, single motherhood), whether the pregnancy was planned (yes, no), and 
the presence of financial difficulties (yes, no).
All models were adjusted for fetal gender, and maternal age and parity. As we did 
fetal gender, we treated maternal age and parity as potential confounders, since 
they cannot be considered indisputable mediators.20 Information on fetal gender 
was obtained from midwife and hospital registries. Maternal age was established 
at enrolment in the study. Parity, which in this study was defined as the number 
of previous live births (0, >1), was obtained through a questionnaire at enrolment. 
statistical analyses
We started by evaluating the effect of educational level on overall fetal growth, 
after which we separately analysed the associations of educational level with head 
circumference, abdominal circumference and femur length. These associations 
were examined using longitudinal multilevel analysis, as this type of analysis takes 
account of the correlation between repeated measures on the same subject and 
 allows for incomplete outcome data.21 The best fitting model to predict each growth 
characteristic as a function of gestational age was built using fractional polynomi-
als.22 To these models we added educational level as a main determinant (reference: 
high education), and an interaction term of educational level with gestational age. 
The best-fitting model structures are presented in appendix 1. These models were 
based on 10387 observations for fetal weight and birth weight, 6845 for head cir-
cumference, 6876 for abdominal circumference, and 6882 for femur length. 
Using the same strategy, additional models were constructed for the SD scores for 
each growth characteristic (appendix 1). To evaluate educational differences in fe-
tal size, SD scores were compared between educational subgroups at specific time-
points in pregnancy, i.e. at 20, 30 and 40 weeks for estimated fetal weight, and at 
20 and 30 weeks for head circumference, abdominal circumference, femur length.
For each growth characteristic, we started with a model that included the 
 confounders (basic model). Next, this model was additionally adjusted for the po-
tential mediators (fully adjusted model) to establish to what extent educational 
differences in fetal growth or size could be explained by these factors. 
For each covariate, an interaction term with gestational age was tested for signifi-
cance. If the test was significant, these interactions were retained in the model. A 
 p-value of 0.05 was taken to indicate statistical significance; for interaction terms 
we used a p-value of 0.10. Because additional interaction terms between educa-
tional level and covariate*gestational age would lead to difficult to interpret results, 
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these were not included in the models.
To handle missing values in the covariates (all <13%, see table 1) we applied 
multiple imputation based on five imputed data sets (‘PROC MI’ procedure in SAS 
9.1.3).23 Imputations were based on the relationships between all covariates in-
cluded in this study. Statistical analyses were performed using Statistical Package 
of Social Sciences version 15.0 for Windows (SPSS Inc, Chicago, IL, USA) and the 
Statistical Analysis System (SAS) for Windows (SAS Institute Inc, USA), version 9.1.3.
RESULTS
table 1 shows a description of the study population. Of the 3545 women in this 
study, 17.9% were in the lowest educational level and 31.3% in the highest. Com-
pared with women with a high education, those with a low education were young-
er, shorter, heavier before pregnancy, less likely to be nulliparous, and gave birth to 
lighter babies; they were also more likely to smoke during pregnancy (p for trend 
for all <0.05). The mean values for the fetal-growth characteristics at the median 
gestational ages in mid and late pregnancy are presented in appendix 2.
educational level and estimated fetal weight
Relative to fetuses of women in the highest educational subgroup, those of women 
with mid-high, mid-low and low education had a slower fetal growth (figure 2). 
Fetal growth rate was lowest in the fetuses of women with a low educational level, 
and the difference in fetal growth rate increased as pregnancy progressed. Women 
with a low educational level had significantly smaller fetuses from 30 weeks on-
wards (difference at 30 weeks: -0.16 SD; 95% CI: -0.25,-0.08; table 2). This difference 
became larger towards term (difference at 40 weeks: -0.35 SD; 95% CI: -0.46,-0.24). 
After adjustment for the potential mediators, the educational differences in esti-
mated fetal weight attenuated, but at 40 weeks they remained statistically signifi-
cant. 
educational level and head circumference, abdominal 
circumference and femur length 
Educational level was associated with growth of the fetal head, abdomen and 
 femur, with the slowest growth in the lowest educational subgroup (table 3). Rela-
tive to fetuses of women with a high educational level, in fetuses of women with 
a low educational level growth of the head was on average 0.16 mm/week slower 
(95% CI: -0.25,-0.07), growth of the abdomen 0.10 mm/week slower (95% CI: -0.21, 
0.01) and that of the femur 0.03 mm/week slower (95% CI: -0.05,-0.005). Adjustment 
for the potential mediators attenuated the difference in head growth and that in 
femur growth, but not the difference in abdominal growth. The largest attenua-
tions were due to the adjustment for smoking, followed by maternal height (data 
not shown). The difference in head growth remained statistically significant after 
full adjustment.  
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figure 2. estimated differences in fetal growth rate for fetuses of women with 
low, mid-low and mid-high education relative to fetuses of women with high edu-
cation (n=3545)¶
¶ Values are based on multilevel models and represent the differences in fetal growth rate for fetuses of 
women with low, mid-low and mid-high education relative to those of women with high education. All 
values are adjusted for fetal gender, and maternal age and parity. The following covariate*gestational age 
interactions were also included: gender*gestational age, gender*ln(gestational age), age*gestational age, 
parity*gestational age.
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table 2. associations between maternal educational level and standard deviation 
scores for estimated fetal weight at 20, 30 and 40 weeks gestation (n=3545). 
Difference in standard deviation score (and 95% CI) for estimated fetal weight at 20 weeks gestation
Educational level 
Basic model¶ Fully adjusted# 
High Reference Reference
Mid-high 0.02 (-0.07,0.11) 0.02 (-0.07,0.12)
Mid-low 0.08 (-0.01,0.17) 0.07 (-0.02,0.17)
Low 0.02 (-0.09,0.13) 0.05 (-0.07,0.17)
Difference in standard deviation score (and 95% CI) for estimated fetal weight at 30 weeks gestation
Educational level 
Basic model¶ Fully adjusted# 
High Reference Reference
Mid-high -0.009 (-0.08,0.06) 0.002 (-0.07,0.07)
Mid-low -0.03 (-0.10,0.05) -0.01 (-0.09,0.06)
Low -0.16 (-0.25,-0.08) -0.07 (-0.16,0.02)
Difference in standard deviation score (and 95% CI) for estimated birth weight at 40 weeks gestation
Educational level 
Basic model¶ Fully adjusted# 
High Reference Reference
Mid-high -0.04 (-0.13,0.05) -0.02 (-0.11,0.06)
Mid-low -0.13 (-0.22,-0.04) -0.10 (-0.19,-0.008)
Low -0.35 (-0.46,-0.24) -0.18 (-0.29,-0.07)
Values are based on multilevel models. CI: confidence interval. ¶Basic model: adjusted for fetal gender, and 
maternal age and parity. # Fully adjusted: adjusted for fetal gender, maternal age and parity, maternal height, 
pre-pregnancy BMI, smoking during pregnancy, single motherhood, whether the pregnancy was planned and fi-
nancial difficulties. The following covariate*gestational age interactions were also included: gender*gestational 
age, gender*ln(gestational age), age*gestational age, parity*gestational age, height*gestational age, BMI* 
gestational age, smoking*gestational age, financial difficulties*gestational age.
 
table 3. associations between maternal educational level and growth of the fetal 
head, abdomen and femur (n=3545). 
Differences (and 95% CI) in fetal head circumference growth (mm/week)
Educational level Basic model
¶ Fully adjusted# 
High Reference Reference
Mid-high -0.03 (-0.11,0.05) -0.02 (-0.09,0.05)
Mid-low -0.09 (-0.17,-0.02) -0.07 (-0.15,-0.001)
Low -0.16 (-0.25,-0.07) -0.10 (-0.19,-0.01)
Differences (and 95% CI) in fetal abdominal circumference growth (mm/week)
Educational level Basic model
¶ Fully adjusted# 
High Reference Reference
Mid-high 0.02 (-0.09,0.12) 0.02 (-0.08,0.12)
Mid-low -0.01 (-0.11,0.09) -0.04 (-0.14,0.07)
Low -0.10 (-0.21,0.01) -0.10 (-0.22,0.02)
Differences (and 95% CI) in fetal femur length growth (mm/week)
Educational level Basic model
¶ Fully adjusted# 
High Reference Reference
Mid-high -0.003 (-0.02,0.02) 0.001 (-0.02,0.02)
Mid-low -0.01 (-0.03,0.004) -0.003 (-0.02,0.01)
Low -0.03 (-0.05,-0.005) 0.0005 (-0.02,0.02)
 
Values are based on multilevel models. CI: confidence interval. *Basic model: adjusted for fetal gender, and 
maternal age and parity. #Fully adjusted: adjusted for fetal gender, maternal age and parity, maternal height, 
pre-pregnancy BMI, smoking during pregnancy, single motherhood, whether the pregnancy was planned 
and financial difficulties. The following covariate*gestational age interactions were also included: for head-
circumference model: gender*gestational age, parity*gestational age, height*gestational age, BMI* gestational 
age, smoking*gestational age; for abdominal-circumference model: parity*gestational age, BMI* gestational 
age, smoking*gestational age; for femur-length model: gender*gestational age, parity*gestational age, 
height*gestational age, smoking*gestational age.
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table 4 presents the educational differences in size of the fetal head, abdomen 
and femur at 20 and 30 weeks gestation, expressed in SD-scores. Compared with 
fetuses of women with a high educational level, those of women with a low educa-
tional level had a significantly smaller head circumference from 20 weeks onwards; 
femur length was significantly smaller from 30 weeks onwards (basic models). 
Although abdominal circumference was also smaller in these fetuses, the diffe-
rence did not reach statistical significance. The effect of low education was larger 
for head circumference than for femur length or abdominal circumference. After 
adjustment for the potential mediators, only the difference in SD score for head 
circumference at 30 weeks gestation remained significant. 
DISCUSSION
The present study is the first to present a longitudinal assessment of the effect of an 
individual-level indicator of socioeconomic status on fetal growth. We demonstra-
ted that a low maternal educational level is associated with a progressively slower 
fetal growth, causing differences in fetal weight that are statistically significant 
from late pregnancy onwards. This study also suggests that low maternal edu-
cational level predominantly affects growth of the fetal head, followed by growth 
of the fetal femur and abdomen.  
methodological considerations
The main strength of this study lies in its population-based prospective design, with 
enrolment of a large number of women early in pregnancy, and extensive measure-
ments during pregnancy.13 Although there are other measures of socio economic 
status, including income level and occupational class,24 we selected maternal 
 educational level as a main indicator of socioeconomic status for two reasons: 
first educational level not only partly reflects material resources because it struc-
tures occupation and income, it also reflects non-economic social characteristics, 
such as general and health-related knowledge, literacy, problem-solving skills and 
 prestige;24 25 second, educational level has been shown to be the best socioeconomic 
predictor of pregnancy outcomes.26 Furthermore, when we repeated the analyses 
using household income level as determinant, we found comparable results. There 
was one exception: income-related differences in fetal head circumference were 
statistically significant only from 30 weeks gestation onwards.
When interpreting the results of this study, one should take account of a num-
ber of limitations. First, our study was conducted in a Dutch, urban population, 
which limits generalizability of our results to non-Dutch or rural populations. Fur-
thermore, although the participation rate was relatively high (61%, among Dutch 
women 68%)13, there was some selection towards a study population that was rela-
tively highly educated and more healthy.27 
Second, while fetal ultrasound examinations are a more reliable basis than the 
last menstrual period for establishing gestational age,28 it also has a disadvantage: 
33
mother’s educational level and fetal growth - the genesis of health inequalities
ch
ap
te
r 
2.
1
the growth variation before the first measurement of the fetal characteristics that 
were used for pregnancy dating, i.e. crown-rump length and biparietal diameter, 
was set to zero.17 Since these characteristics are correlated throughout pregnancy 
with head circumference, abdominal circumference and femur length, our study 
may have underestimated the variation in the latter three growth characteristics, 
resulting in an underestimation of our effect estimates. 
Finally, our study may have been vulnerable to misclassification, because many 
covariates were measured using questionnaires. In particular, smoking behaviour 
and pre-pregnancy weight may have been underreported. The effect on our results 
of this misclassification is difficult to predict, since we cannot be certain whether 
this misclassification was random or not. 
maternal educational level and fetal growth 
The educational differences in fetal growth were large enough to result in apparent 
differences in fetal size already during pregnancy. As we hypothesized, differences 
in fetal weight were significant from late pregnancy onwards. In contrast with 
our expectations, however, the effect of low maternal education was not equal for 
the various body segments of the fetus. Relative to growth of the fetal femur and 
abdomen, the adverse effect of a low educational level seemed greatest for growth 
of the fetal head. 
Clear educational differences in fetal head circumference were detectable  already 
at 20 weeks gestation. By 30 weeks, significant educational differences in femur 
length could also be detected, but not in abdominal circumference, although there 
was a clear trend towards a smaller abdominal circumference in fetuses of lower 
educated women. The timing of the emergence of significant educational diffe-
rences in head, femur and abdomen might be explained by the different growth 
patterns of the various fetal-growth components. Peak growth velocity for head 
circumference is steeper and occurs earlier (around 18 weeks) than that for femur 
length (around 20 weeks) and abdomen (around 22 weeks).11 29 
Regarding the magnitude of the educational differences in size of the different 
body segments, one should take account of the timing of the ultrasound measure-
ments. In our study, only 2.5% of these measurements took place after the 32nd 
week of gestation. For physiological pregnancies, it has been shown that the dif-
ference in abdominal circumference between smaller and larger babies increases 
with increasing gestational age.29 Therefore, the observed educational differences 
in abdominal circumference might have been larger if we had had availability to 
more growth measurements near term. It is thus important that our results are 
confirmed in future studies with more comprehensive fetal-growth data and with 
information on proportionality at birth. 
One possible explanation for a low maternal education being relatively more strong-
ly associated with fetal head circumference is that the factors that mediate the ef-
fect of maternal education affect fetal head growth more than growth of the fetal 
femur and abdomen. In support of this explanation, we found the most important 
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mediators to be maternal smoking and maternal height. Maternal smoking during 
pregnancy, which was more prevalent among women with a low educational level 
than those with a high level, is known to cause fetal growth restriction including 
a smaller head circumference.30 Maternal height, which was positively associated 
with educational level, has been found to be a significant determinant of dispropor-
tionality at birth; shorter mothers tend to give birth to babies that are shorter and 
have smaller heads for their weight,12 which corresponds with the type of growth 
impairment associated with low maternal education. The potential  mediators in-
cluded in this study, however, explained only about half the educational differences 
in fetal head circumference at 30 weeks gestation. The remaining effect may be 
due to other factors, such as nutritional factors or genetic factors.7 31 Since head 
circumference is associated with academic achievements3 32 and  maternal head cir-
cumference is a strong predictor of neonatal head circumference33, there may be a 
common genetic link between head circumference of the mother, her educational 
achievement and head growth of her offspring. We had no information on head 
circumference of the mother. This merits further investigation. 
In conclusion, this unique study demonstrates that a low socioeconomic status of 
the mother impairs fetal growth, and suggests that it affects growth of the fetal 
brain more than it affects peripheral and abdominal tissues. The socioeconomic 
inequalities in fetal growth as demonstrated here may represent the genesis of 
socioeconomic health inequalities in infancy, childhood and adulthood. In par-
ticular, since fetal head growth is associated with future cognitive functioning and 
academic achievement,3 32 the observed socioeconomic inequalities in fetal head 
growth might have consequences for later cognitive ability, educational attainment 
and job performance for the offspring of low-educated mothers. Taking measures 
to narrow inequalities in fetal growth should be an important public health issue. 
Smoking during pregnancy being the most important modifiable factor explaining 
these inequalities, such measures should primarily be aimed at reducing smoking 
rates among pregnant women of low socioeconomic status. The use of a video 
in order to raise awareness of the consequences of smoking during pregnancy, 
a self-help manual and health counselling by midwives have been shown to be 
 successful in helping pregnant women to stop smoking,34 and should be applied 
more intensively to women with a low educational level. Further research is needed 
to provide other entry points for interventions and to study the short and long term 
consequences of socioeconomic inequalities in intra-uterine growth.
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appendix 1. 
model structures for analyses with estimated fetal weight, head circumference, 
abdominal circumference and femur length 
Estimated fetal weight  = ß
0
 + ß
1
*educational level + ß
2
*gestational age +  
ß
3
 * ln(gestational age)  +  ß
4
*gestational age*ln(gestational age) + ß
5
*educational level gestational age + ß
6
* 
educational level *ln(gestational age).
Head circumference = ß
0
 + ß
1
*educational level + ß
2
*gestational age + ß
3
*gestational age2 + ß
4
*gestational 
age2*ln(gestational age) + ß
5
*educational level *gestational age.
Abdominal circumference = ß
0
 + ß
1
*educational level + ß
2
*gestational age + ß
3
*gestational age2 + ß
4
*gestational 
age2*ln(gestational age) + ß
5
*educational level *gestational age.
Femur length = ß
0
 + ß
1
*educational level + ß
2
*gestational age + ß
3
*gestational age3 + ß
4
*educational 
level*gestational age.
best-fitting model for analyses with standard-deviation (sd) scores for estimated fetal 
weight, head circumference, abdominal circumference and femur length
SD score = ß
0
 + ß
1
*educational level + ß
2
*gestational age + ß
3
*educational level*gestational age.
appendix 2. estimated fetal weight, head circumference, abdominal circumference 
and femur length at median gestational age in mid and late pregnancy in the to-
tal study population.
mid pregnancy
(median 20.5 weeks)
late pregnancy
(median: 30.4 weeks)
Estimated fetal weight (grams) 371.9 (43.7) 1622.0 (188.7)
Head circumference (mm) 178.1 (6.3) 285.4 (9.3)
Abdominal circumference (mm) 155.9 (8.2) 264.6 (13.2)
Femur length (mm) 33.1 (1.8) 57.4 (2.2)
 
Values are means (with standard deviations)
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ABSTRACT 
background: Although a low socioeconomic status has consistently been associ-
ated with an increased risk of preterm birth, little is known about the pathways 
through which socioeconomic disadvantage influences preterm birth. 
aim: To examine mechanisms that might underlie the association between the 
educational level of pregnant women as an indicator of socio-economic status, and 
preterm birth.
methods: The study was nested in a population-based cohort study in the Nether-
lands. Information was available for 3830 pregnant women of Dutch origin. 
findings: The lowest educated pregnant women had a statistically significant high-
er risk of preterm birth (OR=1.89 [95% CI: 1.28, 2.80]) than the highest educated 
women. This increased OR was reduced by up to 22% after separate adjustment 
for age, height, pre-eclampsia, intrauterine growth restriction, financial concerns, 
long lasting difficulties, psychopathology, smoking habits, alcohol consumption, 
and BMI of the pregnant women. Joint adjustment for these variables resulted in a 
reduction of 89% of the increased risk of preterm birth among low educated preg-
nant women (fully adjusted OR=1.10 [95% CI: 0.66, 1.84]). 
conclusions: Pregnant women with a low educational level have a nearly two-
fold higher risk of preterm birth than women with a high educational level. This 
elevated risk could largely be explained by pregnancy characteristics, indicators of 
psycho social well-being, and lifestyle habits. Apparently, educational inequalities 
in preterm birth go together with an accumulation of multiple adverse circum-
stances among women with a low education. A number of explanatory mechanisms 
unravelled in the present study seem to be modifiable by intervention programs.
what is already known on this topic
•	 Low socioeconomic status has often been associated with an elevated risk of 
preterm birth.
•	 A pregnant woman’s age and smoking habits explain part of the association be-
tween socioeconomic status and preterm birth, but these factors cannot  explain 
the whole association.
what this study adds
•	 Pregnant women with a low SES, as indicated by their educational level, had a 
nearly two-fold higher risk of preterm birth than pregnant women with a high 
SES.
•	 Educational inequalities in preterm birth resulted from an unfavourable com-
bination of various pregnancy characteristics, psychosocial factors, and lifestyle 
habits, that was present in lower educated women.
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explaining educational inequalities in preterm birth
INTRODUCTION
Preterm birth is strongly related to perinatal mortality.1 2 Furthermore, infants born 
preterm are vulnerable to complications and morbidity in the neonatal phase as 
well as in later life.1 3 Research on socioeconomic inequalities in birth outcome 
across different industrialized countries has indicated that low educational  level, 
low occupational status, and high deprivation scores are associated with an in-
creased risk of preterm birth.4-10 Only few studies found no relation between so-
cioeconomic status (SES) and preterm birth.11 12 Despite the abundance of  studies 
describing SES inequalities in preterm birth, little research has evaluated the path-
ways through which socioeconomic disadvantage influences preterm birth: either 
no possible explanatory variables were taken into account8-10 or only a few, such as 
age, height, and smoking habits of pregnant women.4-6 However, these few varia-
bles could not fully explain the SES variation in preterm birth.4-6 In two recent 
reviews it is hypothesized that psychosocial risk factors and unhealthy lifestyle 
habits may explain part of the SES inequalities in preterm birth, since these varia-
bles are both determinants of preterm birth and more prevalent among women in 
the lower SES strata.13 14 This hypothesis has not yet been verified. 
In the present study we applied educational level of pregnant women as an in-
dicator of SES. Our objective was to examine the association between education 
and preterm birth. Additionally, we explored whether the educational inequalities 
in preterm birth could be explained by pregnancy characteristics, psychosocial 
factors, and lifestyle habits. For this, we used data from the Generation R Study, 
a large prospective birth-cohort study. The present study involved ethnic Dutch 
participants only, as educational inequalities in pregnancy outcome and the related 
explanatory mechanisms may differ between Dutch women and women with an-
other ethnic background.13 15
METHODS
design
This study was nested in the Generation R Study, a population-based cohort study 
from fetal life until young adulthood.16 17 All pregnant women living in the study 
area in Rotterdam, the Netherlands, were informed about the study by health care 
workers (e.g. community midwives and obstetricians). In total, 8880 pregnant wo-
men of different ethnicities with a delivery date between April 2002 and  January 
2006 enrolled in the prenatal part of the study (response rate 61%). 69% of all 
participants enrolled in early pregnancy (<18 weeks’ gestation). Written informed 
consent was obtained from all participants. The Medical Ethical Committee of the 
Erasmus Medical Center, Rotterdam, has approved the study. 
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population for analysis
Of the 8880 women who enrolled in the Generation R Study during pregnancy, 
those with a Dutch ethnicity were selected for the present study (n=4057). Par-
ticipants with missing data on education (n=21) or gestational age (n=46) were 
excluded. We also excluded twin pregnancies (n=54), as preterm birth rates differ 
considerably between singleton and multiple births.2 18 Women who enrolled after 
25 weeks’ gestation were excluded (n=106), since pregnancy dating based on ultra-
sound becomes less reliable as pregnancy proceeds,19 yielding a sample size of 3830 
participants. In 8.5% of the 3830 women, the pregnancy was their second or third 
pregnancy in the study. Since there were no differences in results after exclusion 
of these pregnancies, they were included in the analyses. 
educational level
The highest attained educational level of the participants was assessed by question-
naire. Following the definition of Statistics Netherlands,20 education was categorized 
as low (primary school; lower vocational training; intermediate general school; 3 
years general secondary school); mid-low (>3 years general secondary school; inter-
mediate vocational training; 1st year higher vocational training);  mid-high (higher 
vocational training; Bachelor’s degree); and high (higher academic education; PhD). 
preterm birth
Gestational age was determined by fetal ultrasound examination at the first visit 
to our research centre. Pregnancy dating curves were constructed using subjects 
of whom we had both ultrasound examinations <25 weeks’ gestation and reliable 
information on last menstrual period.21 Subsequently, all pregnancies in our study 
were dated using these curves; the crown-rump length was used for pregnancy 
 dating up to 65 mm  (n=1351) and biparietal diameter was used for pregnancy 
dating from 23 mm onwards (n=2479). This corresponds to 12+5 weeks’ gestation. 
Infor mation on date of birth was obtained from midwife and hospital registries. 
Birth was classified as preterm if it occurred <37 weeks’ gestation. 
covariates
The choice of covariates that might explain the association between educational 
level and preterm birth, was based on the literature on determinants of preterm 
birth.1 7 13 14
Information on gender, pre-eclampsia, and intrauterine growth restriction (IUGR) 
was obtained from midwife and hospital registries. Age, height and weight of the 
pregnant women were assessed at enrolment. Body mass index (BMI) was calculated 
(kg/m²). The following covariates were assessed by questionnaire: parity, which we 
defined as the number of live births the participants previously delivered (0, ≥1); 
marital status (married/cohabiting, single motherhood); whether the pregnancy 
was planned (yes, no); financial concerns (no, some, great); smoking habits during 
pregnancy (non-smoking, smoked until pregnancy was known, continued smo-
king); and alcohol consumption in mid- and late pregnancy (non-drinking, <1 drink 
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per week, 1-6 drinks per week, ≥1 drink per day). Long Lasting Difficulties during 
the year preceding the pregnancy were evaluated with an 12 item-checklist.22 We 
assessed psychopathology using the Brief Symptom Inventory, which consists of 
53 positive and negative self-appraisal statements.23 In late pregnancy we asked the 
participants to report on weekly working hours.   
statistical analyses
The association between educational level of the pregnant women and preterm 
birth was examined using logistic regression analysis (reference group: highest 
 education). This association adjusted for parity and gender was presented as the 
basic model (BM). We assessed whether the covariates explained (part of) the diffe-
rences in risk of preterm birth between the educational groups by separately add-
ing the covariates to the BM. We calculated the percentage change in odds ratios 
(ORs) per educational category brought about by adding a covariate to the BM (100 * 
[ORBM – ORextended model] / [1 - ORBM]). Finally, the BM was adjusted for all covariates that 
led to a change of more than 5% in ORs in the above ana lyses. We conducted the 
final analysis with and without the covariates preeclampsia and IUGR, as these co-
variates are very proximal factors and thereby, the risk of overcontrolling emerges. 
To substitute missing data on the covariates, multiple imputation (function Areg-
Impute in S-Plus 6.0) was applied, using the relations between the variables in the 
dataset. Since the procedure was repeated five times, multiple imputation took 
account of the uncertainty of the imputed values.24 The percentages of missing 
values per covariate were all below 17%. Complete data was available in 69% of the 
subjects, 30% of the subjects had less than four missing values on covariates, and 
1% had four or more covariates imputed. 
The statistical analyses were repeated within the subgroup of women who went 
in labour spontaneously. We also repeated the analyses within the subgroup of 
women who provided complete information (complete-case analysis). All statistical 
analyses were performed using the Statistical Package of Social Sciences version 
11.0 for Windows (SPSS Inc, Chicago, IL, USA) and S-Plus 6.0 Professional Release 1 
(Insightful Corp., Seattle, WA, USA). 
RESULTS
general characteristics
table 1 shows the general characteristics of the study population per educational 
level. The mean age of all pregnant women in the study population was 31.3 years 
(SD=4.5). The lowest educated women were younger (F-test=192; df=3; p<0.001) 
and had higher psychopathology scores (F-test=54; df=3; p<0.001) than women 
with the highest education. Compared to the highest educated pregnant women, 
the lowest educated women had an increased risk of preterm birth (OR=1.89 [95% 
CI: 1.28, 2.80]). 
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covariates 
table 2 illustrates the explanatory effect of several covariates on the association 
between educational level of the pregnant women and preterm birth. Separate 
addition of marital status, pregnancy planning, and working hours to the basic 
model resulted in changes in ORs for preterm birth of less than 5%. Therefore, 
these covariates were not included in further analyses. Separate addition of par-
ticipants’ age, height, pre-eclampsia, IUGR, financial concerns, Long Lasting Diffi-
culties, psychopathology, smoking habits, alcohol consumption, and BMI to the 
basic model substantially (i.e. 5-22%) decreased the ORs of preterm birth in the vari-
ous educational subgroups as compared to the highest education. The most marked 
decreases in OR were observed in the lowest educated women. For instance, Long 
Lasting Difficulties accounted for 9% of the increased OR for preterm birth in the 
lowest educational group, while this covariate decreased the ORs by 1% in mid-high 
and 3% in mid-low educated women. 
table 2. or for preterm birth by level of education (reference: high education) 
after adjustment for each covariate separately and the corresponding change (%) 
in or relative to the basic model
    or for preterm birth by level of education
high
(n=1264)
mid-high
(n=955)
mid-low
(n=973)
low
(n=638)
model 1 (basic model, bm) # Reference 0.89 (0.59, 1.36) 0.82 (0.54, 1.26) 1.89 (1.28, 2.80)
pregnancy characteristics
BM + pregnant women’s age Reference 0.87 (0.57, 1.33) 0.77 (0.50, 1.19) 1.69 (1.10, 2.60)
BM + pregnant women’s height  Reference 0.89 (0.58, 1.35) 0.79 (0.52, 1.21) 1.69 (1.13, 2.51)
BM + pre-eclampsia Reference 0.90 (0.59, 1.37) 0.79 (0.51, 1.20) 1.77 (1.19, 2.63)
BM + IUGR Reference 0.88 (0.58, 1.34) 0.78 (0.51, 1.20) 1.78 (1.19, 2.65)
psychosocial factors
BM + marital status Reference 0.89 (0.59, 1.36) 0.83 (0.54, 1.26) 1.91 (1.28, 2.86) 
BM + pregnancy planning Reference 0.89 (0.59, 1.36) 0.82 (0.54, 1.26) 1.89 (1.26, 2.84)
BM + financial concerns Reference 0.88 (0.58, 1.33) 0.79 (0.52, 1.22) 1.72 (1.13, 2.60)
BM + Long Lasting Difficulties Reference 0.88 (0.58, 1.34) 0.80 (0.52, 1.23) 1.79 (1.19, 2.69)
BM + psychopathology Reference 0.88 (0.58, 1.33) 0.79 (0.51, 1.21) 1.75 (1.16, 2.62)
BM + working hours Reference 0.89 (0.58, 1.37) 0.82 (0.53, 1.28) 1.89 (1.21, 2.98)
lifestyle habits
BM + smoking habits Reference 0.89 (0.58, 1.35) 0.81 (0.53, 1.25) 1.82 (1.19, 2.78)
BM + alcohol consumption Reference 0.86 (0.57, 1.32) 0.80 (0.51, 1.23) 1.74 (1.15, 2.64)
BM + BMI Reference 0.89 (0.59, 1.35) 0.81 (0.53, 1.24) 1.83 (1.23, 2.73)
 
Values are odds ratios (95% CI): risk for preterm birth compared to the reference group (high education),  
and corresponding change (%) in OR relative to the basic model and due to the covariate. 
# BM: adjusted for parity of the pregnant woman and gender of the child.
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table 3 and figure 1 show the association of educational level with preterm birth 
after adjustment for all covariates that independently led to a significant change 
in the separate analyses. Full adjustment for the covariates resulted in a reduc-
tion of 89% of the increased risk of preterm birth among low educated women 
(parity and gender adjusted OR: 1.89 [95% CI: 1.28, 2.80]; fully adjusted OR: 1.10 
[95% CI:0.66, 1.84]). In none of the educational groups the fully adjusted ORs were 
statistically significant. The difference between the models with and without the 
covariates pre-eclampsia and IUGR was marginal for the mid-high and mid-low 
educated women, while among the low educated women these covariates led to a 
further reduction of the OR on top of the other covariates (reduction model 2: 69%; 
reduction model 3: 89%).
table 3. risk of preterm birth in the educational groups after adjustment for all 
relevant covariates 
    regression coefficients (95% ci)
variables categories model 1 (bm #) model 2 model 3
Maternal education   High
Mid-high
Mid-low
Low
Reference
0.81 (0.53, 1.25)
0.65 (0.41, 1.04)
1.10 (0.66, 1.84)
Reference
0.83 (0.54, 1.27)
0.67 (0.42, 1.07)
1.28 (0.78, 2.12)
Reference
0.81 (0.53, 1.25)
0.65 (0.41, 1.04)
1.10 (0.66, 1.84)
Parity Primipara 1.41 (0.99, 2.00) 1.61 (1.15, 2.27) 1.41 (0.99, 2.00)
Gender Girl 0.83 (0.61, 1.13) 0.89 (0.66, 1.21) 0.83 (0.61, 1.13)
Maternal age 0.93 (0.76, 1.13) 0.88 (0.72, 1.08)
Maternal height 0.71 (0.59, 0.86) 0.74 (0.61, 0.90)
Pre-eclampsia Yes 4.73 (2.49, 9.00)
IUGR  Yes 8.31 (4.32, 15.99)
Financial concerns No concerns
Some concerns
Great concerns
Reference
1.38 (0.86, 2.23) 
1.43 (0.44, 4.67)
Reference
1.36 (0.79, 2.33) 
1.13 (0.31, 4.16)
Long Lasting Difficulties 0.98 (0.80, 1.20) 0.95 (0.75, 1.20)
Psychopathology 1.04 (0.91, 1.19) 1.10 (0.96, 1.26)
Smoking habits 
    
No
Until pregnancy known
Continued during pregnancy
Reference
1.03 (0.60, 1.76)
0.97 (0.62, 1.50)
Reference
1.05 (0.60, 1.81)
1.01 (0.65, 1.58)
Alcohol consumption No
<1 drink per week
≥1 drink per week
Reference    
0.85 (0.60, 1.22)
0.78 (0.47, 1.30) 
Reference    
0.86 (0.60, 1.24)
0.80 (0.48, 1.34) 
BMI < 18 
18 – 25
> 25
1.43 (0.32, 6.31) 
Reference
1.06 (0.77, 1.47)
1.60 (0.36, 7.05) 
Reference
1.05 (0.75, 1.46)
 
# BM is basic model. 
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figure 1. unadjusted and fully adjusted or for preterm birth 
(reference: high education)
# Model 1 (Basic model): Adjusted for parity of pregnant women and gender of the children.
¶ Model 2: Model 1 additionally adjusted for pregnant women’s age, pregnant women’s height, financial con-
cerns, Long Lasting Difficulties, psychopathology, smoking habits, alcohol consumption, and BMI. 
$ Model 3: Model 2 additionally adjusted for pre-eclampsia and IUGR. 
The association between educational level and preterm birth in the subgroup of 
women who went in labour spontaneously (n=2474) was comparable to the re-
sults of the whole study population (n=3830). The complete-case sample (n=2642) 
consisted of 74% of the high educated, 75% of the mid-high educated, 66% of the 
mid-low educated, and of 55% of the low educated women of the initial study popu-
lation. Preterm birth was less prevalent in the complete-case sample (4.1%) than in 
the total study population (4.8%). Moreover, the risk of preterm birth in the lowest 
educated women (OR=1.68 [95% CI: 0.98, 2.86]) was smaller in the complete-case 
sample than in the total study population. In the fully adjusted model, the OR at-
tenuated to 0.80 [95% CI: 0.40, 1.61].
high mid-high mid-low low
#
¶
$
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DISCUSSION 
This prospective population-based study showed that women with a low educa-
tional level had a nearly two-fold higher risk of preterm birth compared to women 
with a high educational level. This elevated risk was roughly explained by an un-
favourable combination of pregnancy characteristics, psychosocial well-being, and 
lifestyle habits, that was present in lower educated women.
In our study, only the subgroup of women with the lowest educational level 
had a significantly increased risk for preterm birth as compared to the subgroup 
of high educated women. Previous studies using other indicators of SES reported 
an inverse linear trend between SES level and risk of preterm birth.4-10 Future stu-
dies, preferably with larger samples, should verify whether only very low educated 
women are at risk for preterm birth or whether our findings occurred by chance. 
The magnitude of the odds ratio for preterm birth among low versus high edu-
cated women compares well with earlier findings from Western countries.4-10 For 
instance,  Peacock et al. also reported the prevalence of preterm birth in the U.K. 
roughly to be twice as high in the lower SES strata as compared to high SES.9 
explanation of risk of preterm birth
The current study explained a substantial amount, i.e. 89%, of the elevated risk 
of preterm birth among the lowest educated women. This was accomplished by 
including a comprehensive set of potential explanatory factors, namely adverse 
pregnancy characteristics, psychosocial variables and lifestyle factors, that were 
chosen on the basis of existing knowledge.1 7 13 14 Besides a on average younger 
age and shorter height, women with a low SES seem to have an accumulation of 
adverse circumstances, especially regarding psychosocial stress and unhealthy life-
style habits, that turned out to be associated with their increased risk of preterm 
birth. Previous studies on SES inequalities in preterm birth explained at best 65% 
of the increased risk among lower SES women. However, in these studies only a 
limited number of explanatory factors was included.4-7 
Pregnancy characteristics
In our study, a relatively high prevalence of pre-eclampsia and IUGR was found 
among lower educated women. Since both pre-eclampsia and IUGR are highly as-
sociated with and often the direct cause of preterm birth, these medical conditions 
explained part of the increased risk of preterm birth among low educated women. 
Preterm birth due to pre-eclampsia or IUGR can occur spontaneously or may be 
induced to reduce health risks in both mother and child.25 26 The fully adjusted 
analyses with and without pre-eclampsia and IUGR indicated that, only among the 
lowest educated women, these two conditions explained an additional part of the 
elevated risk of preterm birth. 
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Indicators of psychosocial stress
Psychosocial factors, such as financial concerns, ‘Long Lasting Difficulties’, and psy-
chopathology of the pregnant women explained a substantial part of the increased 
risk of preterm birth among low educated women. This finding is in line with theo-
ries on the effects of prenatal stress, in which psychosocial stress is hypothesized 
to be associated with a relatively higher risk of preterm birth through specific 
patterns of a pregnant woman’s physiological and hormonal response to stress.27 28
Lifestyle habits
With regard to BMI, a factor that we consider as an indicator of physical acti -
vity and diet, both overweight (BMI>25) and especially thinness (BMI<18) are well 
 established risk factors for preterm birth.13 29 30 In our study, BMI clearly contri-
buted to the explanation of educational differences in risk of preterm birth. We 
hypo thesize that the impact of overweight on preterm birth among low educated 
women is larger than the impact of thinness, since overweight is much more preva-
lent in this educational subgroup than thinness. 
We showed that continuation of alcohol consumption during pregnancy, which 
is relatively less common among women with low education as compared to higher 
educated women, also explained a considerable part of the educational inequali-
ties in preterm birth. It is hypothesized that low to moderate alcohol consumption 
during pregnancy may be genuinely beneficial, although the effects may also be 
explained by the ‘healthy drinker effect’, in which women with a poor obstetric his-
tory are more likely to abstain from drinking.31 Clearly, further research is required 
to test these hypotheses.
strengths and limitations
The strengths of the present study are the large number of participating pregnant 
women with different levels of education, its prospective population-based design 
and the detailed information on numerous relevant covariates. Another strong 
point is that gestational duration was established by fetal ultrasound examina-
tion, as using the last menstrual period has several limitations, including the large 
 number of women who do not know the exact date of their last menstrual period or 
have irregular menstrual cycles.32 A final strength of the study is the thorough mis-
sing values procedure that was applied. We decided to impute missing data instead 
of excluding those with missing values, as multiple imputation has the benefit of 
circumventing selection mechanisms involved in missing values, namely that data 
was more complete in higher educated women and among those having a term 
delivery. Moreover, using multiple imputation instead of complete case analysis 
also increased statistical power due to a larger study population. 
Some methodological issues need to be considered. The participants of the 
 Ge neration R cohort represent a selection towards a somewhat more healthy po-
pulation.17 33 Additionally, our study was limited by the availability of covariates; 
e.g. we did not assess the influence of pregnancy interval, dietary intake, bacterial 
vaginosis, and other stressful circumstances than the ones included. These factors 
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potentially contribute to the explanation of educational inequalities in preterm 
birth. Finally, it is possible that different educational groups are characterized by 
different lifestyles and behaviours in various societies, which for instance may be 
the case regarding alcohol consumption during pregnancy. Therefore, some cau-
tion is needed when generalizing our results to other populations.  
 
CONCLUSIONS
Given the nearly two-fold higher risk of preterm birth among low educated women 
and the associated medical consequences in the neonatal phase as well as in later 
life, it is important to invest in policies aimed at reducing educational inequalities 
in preterm birth. 
Even though risk factors for preterm birth among low educated women may not 
be easily amendable, there might be opportunities that are not yet applied effec-
tively. Several of the explanatory factors identified in this study, such as young age, 
stressful circumstances, smoking habits and overweight, are modifiable by up-to-
date interventions.34-37 Initiation of preventive interventions during pregnancy may 
be too late. Therefore, the most effective strategy for tackling educational inequali-
ties in preterm birth is probably by nesting these programs in preconception care.38 
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appendix 1. associations of explanatory variables with preterm birth# 
preterm birth
or (95% ci)
pregnancy characteristics
   Pregnant women’s age (per year) 0.81 (0.68, 0.97)
   Pregnant women’s height (per 10 cm) 0.68 (0.56, 0.82)
   Pre-eclampsia (yes vs no) 5.66 (3.15, 10.2)
   IUGR (yes vs no) 9.82 (5.42, 17.8)
psychosocial factors
   Marital status (single vs married/cohabiting) 1.14 (0.67, 1.93)
   Pregnancy planning (not planned vs planned) 1.20 (0.82, 1.76)
   Financial concerns 
       No concerns
       Some concerns
       Great concerns
Reference
1.58 (1.00, 2.49)
2.09 (0.58, 7.58)
   Long Lasting Difficulties (per score point) 1.14 (0.98, 1.31)
   Psychopathology (per score point) 1.12 (1.02, 1.23)
   Working hours (per hour) 0.90 (0.77, 1.07)
lifestyle habits
   Smoking habits
       No 
       Until pregnancy known 
       Continued during pregnancy 
Reference
1.09 (0.59, 2.00)
1.31 (0.89, 1.92)
   Alcohol consumption
       No (%)
       <1 drink per week (%)
        ≥1 drink per week (%)
Reference
0.78 (0.56, 1.10)
0.70 (0.44, 1.13)
   BMI (kg/m²)
       < 18
       18 – 25
       > 25
1.79 (1.00, 2.49)
Reference
1.20 (0.88, 1.64)
 
Values are odds ratios (95% CI). 
# Adjusted for parity of the pregnant woman and gender of the child.
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ABSTRACT
Although low socioeconomic status has consistently been associated with a lower 
birthweight, little is known about the factors whereby socioeconomic disadvan-
tage influences birthweight. We therefore examined explanatory mechanisms that 
might underlie the association between the educational level of pregnant women, 
as an indicator of socio-economic status, and birthweight. The study was embed-
ded within a population-based cohort study in the Netherlands. Information on 
maternal education, offspring’s birthweights and several determinants of birth-
weight was available for 3546 pregnant women of Dutch origin. Infants of the low-
est educated women had a statistically significantly lower birthweight than infants 
of the highest educated women (difference adjusted for gender and gestational 
age: -123 g (95% CI: -167,-79)). Parity, age of the pregnant women, hypertension, 
parental height and birthweight, marital status, pregnancy planning, financial con-
cerns, number of people in household, weight gain and smoking habits individu-
ally explained a statistically significantly part of the differences in birthweight, 
while adjustment for working hours and body mass index resulted in increases in 
birthweight differences between the educational levels. After full adjustment, the 
diffe rence in birthweight between lowest and highest education was reduced by 
66%. Our study confirmed remarkable educational inequalities in birthweight, a 
large part of which was explained by pregnancy characteristics, anthropometrics, 
psychosocial and material situation, and lifestyle-related factors. Altering smoking 
habits may be an option to reduce educational differences in birthweight, as many 
lower educated women tend to continue smoking during pregnancy. In order to 
tackle inequalities in birthweight, it is crucial that interventions are accessible for 
pregnant women in lower socioeconomic strata.
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INTRODUCTION
Birthweight is strongly related to neonatal mortality.1 2 The risk of adverse out-
comes is seen not only in those with a low birthweight (<2500 g), but in the broad 
spectrum of birthweight reflected by “the lighter the worse”.3 For infants born at 
term, Alexander et al1 reported neonatal mortality rates (per 1000) ranging from 
below 0.70 in infants weighing over 3250 g, to 3.03 in the 2500-2749 g category 
— a considerable variation within the normal range of birthweight. Furthermore, 
studies showed that unfavourable conditions in early fetal life, as expressed in a 
lower birthweight, are associated with a higher risk of diseases in later life, such 
as coronary heart disease and stroke.3 4 Research even indicates that birthweight is 
related to mental disorder,5 6 for instance, the risk of schizophrenia being 1.5 times 
higher per kg decrease in birthweight.6 
Studies on socioeconomic inequalities in birthweight have consistently associ-
ated low educational level, low occupational status, and adverse neighbourhood 
characteristics with a lower birthweight in offspring.7-10 These inequalities in birth-
weight are analogous to the socioeconomic gradient in morbidity and mortality in 
adult life.11 12 Given the above described association between birthweight and risk 
of disease in later life, it seems that socioeconomic inequalities in health through-
out life are determined partly by inequalities that originate during fetal life.10 13 
Attempts to tackle the socioeconomic gradient in health should therefore start by 
reducing inequalities in birthweight. 
 Some studies have evaluated the mechanisms whereby socioeconomic disad-
vantage influences birthweight.7 8 14-18 Most have been register-based, and had only 
limited data available on the broad set of known determinants of birthweight19. In 
the past, many risk factors for a lower birthweight have been identified, such as 
shorter gestational duration,2 20 female gender, being primipara, pregnant women’s 
short height and low body mass index (BMI), smoking habits during pregnancy,19 
and single motherhood20. More recently, it was reported that a pregnant woman’s 
exposure to stress, for instance due to an unplanned pregnancy or chronic con-
ditions, also influences birthweight.21 22 Research concerning psychopathology of 
pregnant women indicated that high levels of depression and anxiety resulted in 
reduced birthweight.21 Differences in prevalence of these risk factors between dif-
ferent SES levels may explain part of the inequalities in birthweight. 
In the present study we applied educational level of pregnant women as an in-
dicator of SES.23 24 Our objective was to identify whether educational inequalities 
in birthweight could be explained by pregnancy characteristics, anthropometrics, 
the psychosocial and material situation, and lifestyle-related factors. For this, we 
used the Generation R Study, a large prospective birth-cohort study of an urban 
population. As Generation R was specifically designed to observe the impact of 
constitutional and environmental factors on fetal life and birth outcomes by in-
cluding participants during the first trimester of pregnancy, it has data available 
on a wide range of determinants of birthweight. The present study involved ethnic 
Dutch participants only, as educational inequalities in pregnancy outcome and the 
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related explanatory mechanisms may differ between Dutch women and women 
with another ethnic background.25 26 
METHODS
 
design
This study was embedded within the Generation R Study, a prospective population-
based cohort study from fetal life until young adulthood. It has been described in 
detail elsewhere.27 28 All pregnant women living in the study area in Rotterdam, 
the Netherlands, were informed about the study by health care workers (e.g. com-
munity midwives and obstetricians). In total, 8880 pregnant women of different 
ethnicities with a delivery date between April 2002 and January 2006 enrolled in 
the prenatal part of the study. Assessments, including fetal ultrasound examina-
tions and questionnaires, were planned in early pregnancy (<18 weeks’ gestation), 
mid-pregnancy (18-25 weeks’ gestation) and late pregnancy (≥25 weeks’ gestation). 
Written informed consent was obtained from all participants. The Medical Ethical 
Committee of the Erasmus Medical Centre, Rotterdam, has approved the study. 
population for analysis
Of the women who enrolled in the Generation R Study during pregnancy (n=8880), 
those whose ethnicity was other than Dutch (n=3946) or those with missing data 
on their ethnicity (n=996) were excluded from the present study. Of the remaining 
3938 pregnant women, we excluded twin pregnancies (n=54), since growth poten-
tials for fetuses in multiple pregnancies are not comparable with singleton preg-
nancies.29 We excluded those with missing data on educational level (n=105) and 
birthweight (n=62) as well. Furthermore, preterm births (n=171) were also exclu-
ded, since educational differences in birthweight and it’s explanatory mechanisms 
were different for preterm as compared to term births. In total, 3546 subjects were 
included in the present analysis. Of all eligible infants born to Dutch women in the 
study area, 68% participated in the study at birth (based on cohort years 2004 and 
2005: of the 3425 life births of Dutch women in the study area, 2337 participated).30
educational level
The highest attained educational level of the participants was assessed by ques-
tionnaire. Following the definition of Statistics Netherlands,31 education was ca-
tegorized as low (primary school; lower vocational training; intermediate general 
school; 3 years general secondary school), which typically corresponds to ≤12 years 
of education; mid-low (>3 years general secondary school; intermediate vocational 
training; 1st year higher vocational training), in general corresponding with 13-15 
years of education; mid-high (higher vocational training; Bachelor’s degree), typi-
cally matching with 16 or 17 years of education; and high (higher academic educa-
tion; PhD), usually indicating 18 years of education or more. 
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birthweight
Medical records completed by community midwives and obstetricians were used 
to obtain information about birthweight (in grams) of the infants. 
covariates
The covariates specified below were considered as factors that might explain the 
association between educational level and birthweight; the choice of these covari-
ates was based on the available literature on determinants of birthweight.19-21 32 
All covariates were assessed during pregnancy. Categories are indicated between 
parentheses.
Pregnancy characteristics 
Gestational age was determined by fetal ultrasound examination at the intake visit 
to our research centre. Pregnancy dating curves were constructed using subjects of 
whom we had both ultrasound examinations before 25 weeks’ gestation and reli-
able information on last menstrual period.33 Subsequently, all pregnancies in our 
study were dated using these curves. Information on date of birth and gender was 
obtained from midwife and hospital registries. We assessed participants’ age on 
enrolment in the study. Parity was assessed by questionnaire in early pregnancy; we 
defined parity as the number of live births the participant previously delivered (0, 
≥1). Information on hypertension (yes, no) was obtained from the medical records 
completed by obstetricians. Participants with pre-existing hypertension, pregnancy 
induced hypertension, or pre-eclampsia were categorized as being hypertensive.  
Anthropometrics
Heights of the pregnant women and the fathers of the infants were measured du-
ring the initial visit. Information on birthweight of the participants and the fathers 
of the infants was obtained by questionnaire in early pregnancy (<3000, 3000-4000, 
>4000 g).   
Psychosocial & material situation
Information on marital status of the pregnant women (married/cohabiting, single 
motherhood) and whether the pregnancy was planned (yes, no) was obtained by 
questionnaire in early pregnancy. The number of people living in the same house-
hold as the participating pregnant woman (including herself ) was assessed in mid-
pregnancy. In the same questionnaire, psychopathology of the pregnant women 
was assessed using the Brief Symptom Inventory, a validated self-report question-
naire.34 35 Participants reported on financial concerns (no, some, great) and working 
hours (open question) in the questionnaire sent in late pregnancy.  
Lifestyle-related factors 
Participants’ weight (kg) was measured at each visit to the research centre, thus 
making it possible to determine BMI at intake (BMI: weight/height² (kg/m²)) and 
weight gain from the first to the third visit (kg). In the analyses both BMI and 
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weight gain were corrected for gestational age at the time of the visits using the 
following method. First, we performed a separate linear regression analysis with 
gestational age at time of visit as predictor and BMI/weight gain as outcome. Next, 
for every woman the difference between the fitted value at the individual’s ges-
tational age at enrolment and the actual observation was added to the expected 
value at a gestational age of 14 weeks. Smoking habits (non-smoking, smoked <5 
per day, smoked ≥5 per day) and alcohol consumption during the second half of 
pregnancy (no alcohol consumption, <1 per week, ≥1 per week) were assessed by 
questionnaire in mid- and late pregnancy. 
statistical analyses
Multivariable linear regression analyses were used to examine the association be-
tween education and birthweight adjusted for infant gender and gestational age 
(presented as “basic model” (BM)). The values presented below reflect the diffe-
rences in birthweight (in grams) between the highest educational group (reference 
group) and the other educational groups. We assessed whether the covariates could 
explain part of the birthweight differences by separately adding these variables to 
the BM. The corresponding percentages of change in birthweight differences were 
calculated by comparing the birthweight differences of the BM with the adjusted 
ones (100 * (difference in birthweightBM – difference in birthweightmodel with covariate) 
/ (difference in birthweightBM)). A positive percentage of change (accompanying 
a decrease in differences) denotes how much of the difference in birthweight is 
explained by the specific covariate. The percentages of change were calculated 
using a method formulated by Sobel;36 95% confidence intervals (95% CI) around 
the percentages of change and associated p-values were calculated by bootstrap.37 
To substitute missing data on the covariates, multiple imputation (function Areg-
Impute in Splus 6.0) was applied, using the relations between the variables in the 
dataset.38 Because the procedure was repeated five times, multiple imputation took 
account of the uncertainty of the imputed values. The percentages of mis sing val-
ues per covariate were all below 21%, except for paternal birthweight (44% missing 
values). 
Finally, the BM was adjusted for all covariates that independently led to a sig-
nificant change (p-value <0.10) in birthweight differences between the educational 
levels; only psychopathology and alcohol consumption were not included in the 
fully adjusted model, as these covariates did not lead to a significant change.     
The statistical analyses were repeated within the subgroup of women who pro-
vided complete information (complete-case analysis). All statistical analyses were 
performed using the Statistical Package of Social Sciences version 11.0 for Windows 
(SPSS Inc, Chicago, IL, USA) and Splus 6.0 Professional Release 1. 
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RESULTS
general characteristics
table 1 shows the general characteristics of the study population by educational 
level. On average, the lower educated pregnant women were the youngest (p-value 
<0.001). Ninety-four percent of the highest educated women were married or co-
habiting, 20% of the lowest educated participants were single mothers. Thirty-eight 
percent of the lowest educated women continued to smoke during pregnancy, 
compared to 5% in the highest educational group (p-value <0.001). The distribution 
of missing values per covariate by educational level indicated the tendency that 
data was more often missing among lower educated women. For instance, data 
on paternal height was missing among 9.0% of the highest educated women and 
among 23.2% of the lowest educated women (χ2=84, p<0.001). 
birthweight characteristics
Mean birthweight ranged from 3424 g (SD 495) in the lowest educational group to 
3601 g (SD 484) in the highest, representing an unadjusted mean birthweight dif-
ference of 176 g (95% CI: -216, -136)  (table 2). The lowest educated mothers had 
the highest risk of having an infant weighing under 2500 g (p-value <0.001), and 
the lowest —though statistically non-significant (p-value =0.317)— risk of having a 
macrosomic baby (>4500 g).
covariates
The effect of separate adjustment for the covariates on the differences in birth-
weight between the various educational groups is presented in table 3. The basic 
model, which was adjusted for gender and gestational age, showed mean birth-
weight differences between the reference and other educational groups of -123 g 
(low; 95% CI: -167, -79), -60 g (mid-low; 95% CI: -99, -22) and -20 g (mid-high; 95% 
CI: -58, 19). Adding women’s age, paternal height, pregnancy planning, financial 
concerns and smoking habits to the BM resulted in significantly lower differences 
in birthweight between highest education and the remaining educational levels 
(for each covariate: p-value for change <0.10). Parity, hypertension, height and 
birthweight of the pregnant women, paternal birthweight, marital status, number 
of people in household and weight gain also led to significantly lower differences 
in birthweight, but not in all educational groups (see table 3). Addition of BMI and 
working hours to the BM resulted in significantly higher differences in birthweight 
between the various educational groups (for each covariate: p-value for change 
<0.10). 
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table 2. birthweight (grams) characteristics in the total study population and by 
level of maternal education a 
level of maternal education  
 
overall
p-value
total
(n=3546)
high
(n=1162)
mid-high
(n=882)
mid-low
(n=909)
low
(n=593)
Mean birthweightb   3540 (496) 3601 (484) 3570 (493) 3506 (501) 3424 (495) <0.001
Difference in birthweightc  0 Reference -31 [-63, 2] -94 [-127, -62] -176 [-216, -136] <0.001
OR birthweight <2500d 1.00 Reference 1.16 [0.67, 3.92] 3.18 [1.46, 6.94] 3.32 [1.44, 7.63]   0.008
OR birthweight >4500d 1.00 Reference 0.85 [0.53, 1.39] 0.83 [0.51, 1.34] 0.58 [0.31, 1.09]   0.404
 
Values are means (SD) or regression coefficients [95% CI]. The regression coefficients reflect the difference in 
birthweight or odds ratio (OR) relative to the reference group (high education).  
a All analyses are unadjusted.
b ANOVA.
c Linear regression analysis.
d Logistic regression analyses.
table 3. differences in birthweight (g) by educational level after adjustment for 
each covariate separately and the corresponding change (%) in birthweight dif-
ferences [95% ci] relative to the basic model
difference in birthweight (g) by level of maternal education
high (n=1162) mid-high (n=882) mid-low (n=909) low (n=593)
Basic model (BM): adjusted for infant 
gender and gestational age
0 Reference -20 [-58, 19] g -60 [-99, -22] g *** -123 [-167, -79] g ***
pregnancy characteristics
BM + parity 
     Change relative to BM
0 Reference -11 g
+ 44 [3, 84] % **
-48 g **
+ 20 [7, 33] %***
-123 ***
 0 [-7, 7] %
BM + maternal age  
     Change compared to BM
0 Reference -14 g
+ 27 [5, 48] % **
-46 g **
+ 23 [6, 40] % ***
-102 g ***
+ 17 [5, 30] % ***
BM + hypertension  
     Change compared to BM
0 Reference -21 g
- 5 [-15, 6] %
-57 g ***
+ 5 [0, 9] % **
-120 g ***
+ 2 [0, 4] %*
anthropometrics
BM + maternal height 
     Change relative to BM 
0 Reference -16 g
+ 16 [-26, 58] %
-48 g **
+ 20 [6, 33] % ***
-87 g ***
+ 29 [21, 38] % ***
BM + maternal birthweight 
     Change relative to BM
0 Reference -24 g
- 23 [-88, 42] %
-62 g ***
- 3 [-25, 18] %
-111 g ***
+ 10 [-1, 20] % *
BM + paternal height
     Change relative to BM
0 Reference -8 g
+ 57 [23, 91] % ***
-40 g **
+ 33 [20, 45] %***
-92 g ***
+ 25 [17, 33] % ***
BM + paternal birthweight 
     Change relative to BM
0 Reference -14 g
+ 28 [-19, 74] %
-52 g ***
+ 13 [-3, 28] %
-109 g ***
+ 11 [2, 21] % **
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difference in birthweight (g) by level of maternal education
high (n=1162) mid-high (n=882) mid-low (n=909) low (n=593)
psychosocial & material situation
BM + marital status  
     Change relative to BM
0 Reference -18 g
+ 11 [-6, 28] %
-52 g ***
+ 13 [5, 20] %***
-98 g ***
+ 20 [12, 28] %***
BM + maternal psychopathology
     Change relative to BM
0 Reference -19 g
+ 3 [-10, 17] %
-59 g ***
+ 2 [-7, 11] %
-120 g ***
+ 2 [-5, 9] %
BM + pregnancy planning
     Change relative to BM
0 Reference -15 g
+ 23 [6, 41] % ***
-51 g ***
+ 14 [6, 23] % ***
-105 g ***
+ 14 [6, 22] %***
BM + financial concerns
     Change relative to BM
0 Reference
-17 g
+ 15 [0, 29] %**
-54 g ***
+ 10 [2, 18] % **
-105 g ***
+ 14 [4, 25] % ***
BM + no. in household
     Change relative to BM
0 Reference
-18 g
+ 10 [-9, 28] %
-59 g ***
+ 2 [-4, 7] %
-127 g ***
- 4 [-8, -1] % **
BM + working hours
     Change relative to BM
0 Reference
-29 g
- 49 [-79, 19] % ***
-75 g ***
- 25 [-40, -11] % *** 
-151 g *** 
- 25 [-39, 11] % ***
lifestyle-related factors
BM + BMI 
     Change relative to BM
0 Reference
-23 g
- 16 [-46, 14] %
-87 g ***
- 44 [-58, -31] % ***
-165 g ***
- 35 [-44, -25] % ***
BM + weight gain 
     Change relative to BM
0 Reference
-23 g
- 19 [-42, 4] % *
-60 g ***
+ 1 [-6, 8] %
-116 g ***
+ 5 [1, 10] % **
BM + smoking habits
     Change relative to BM
0 Reference
-11 g
+ 45 [11, 79] % **
-30 g
+ 51 [36, 65] % ***
-42 g
+ 66 [51, 80] % ***
BM + alcohol consumption
     Change relative to BM
0 Reference
-21 g
- 5 [-24, 15] %
-62 g ***
- 4 [-18, 10] %
-126 g ***
- 3 [-12, 7] %
 
* p-value <0.10, ** p-value <0.05, *** p-value <0.01.
table 4 shows the educational differences in birthweight after full adjustment 
for all covariates that independently led to a significant change in the univariate 
analyses. The differences in birthweight relative to the BM fell by 66% between 
the highest and lowest educational groups, as is illustrated in figure 1. In the 
mid-low and mid-high group the differences fell by 45% and 71% respectively. The 
differences in birthweight between the highest and the other educational groups 
are statistically non-significant after full adjustment (mid-high: p=0.750; mid-low: 
p=0.083; low: p=0.097). 
table 3. continued
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table 4. full model of educational differences in birthweight (g) after adjustment 
for all relevant covariates 
variables categories regression coefficients [95% ci]
overall
p-value
Intercept -5533 [-4875, -6192] <0.001
Maternal education   High
Mid-high
Mid-low
Low
0
-6
-33
-41
Reference
[-41, 30]
[-71, 4]
[-90, 7]
Gender Girl -117 [-144, -91] <0.001
Gestational age 149 [139, 160] <0.001
Parity Primipara -197 [-229, -164] <0.001
Maternal age -5 [-8, -1]   0.006
Hypertension  Yes -132 [-184, -145] <0.001
Maternal height 12 [9, 14] <0.001
Maternal birthweight >4000 grams      
3000-4000 grams 
<3000 grams
0
-117
-168
Reference
[-163, -71] 
[-218, -117]
Paternal height 6 [5, 8] <0.001
Paternal birthweight >4000 grams      
3000-4000 grams 
<3000 grams
0
-104
-166
Reference
[-139, -68]
[-211, -120]
Marital status Single -15 [-69 ,39]   0.592
Pregnancy planning Not planned -9 [-46, 27]   0.620
Financial concerns No concerns
Some concerns
Great concerns
0
-62
-53
Reference
[-106, -17]
[-162, 56]
  
No. in household 1 [-8, 9]   0.884
Working hours -0.1 [-1, 1]   0.872
BMI 22 [18, 25] <0.001  
Weight gain 19 [15, 23] <0.001
Smoking habits 
    
No 
<5 per day 
≥5 per day
0
-139
-186
Reference
[-190, -88]
[-235, -137]
complete-case analysis
The complete-case sample (n=2028) consisted of 63% of the high educated, 62% of 
the mid-high educated, 55% of the mid-low educated, and of 41% of the low edu-
cated women of the initial study population. Mean birthweight was larger (3578, 
SD=493) and educational differences in birthweight (difference between high and 
low education: -100 g, p-value=0.002) were smaller in the complete-case sample 
than in the total study population. The results of the full model were comparable 
to the results of the whole study population (45% to 71% explained).
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DISCUSSION
While the present study confirmed the presence of inequalities in birthweight, 
it also showed that these inequalities in birthweight can be understood as the 
net effect of two opposing influences in pregnant women with a lower education. 
The first influence is these women’s relatively high prevalence of many risk factors 
for lower birthweight: being primipara, younger age, being hypertensive, lower 
parental height and birthweight, single motherhood, unplanned pregnancy, finan-
cial concerns, living in a large household and smoking; the second is their higher 
prevalence of factors that have a suppressive effect on lower birthweight, such as their 
lower number of working hours and higher BMI. As the first tendency is stronger 
than the second, lower educated women give birth to infants with a lower mean 
birthweight. A large part of the differences in birthweight between the highest and 
the other educational groups was explained (45%-71%) while taking both influences 
into account.
 
comparison with other studies
The extent of the unadjusted educational differences in birthweight we report is 
comparable with that contained in the available literature on socioeconomic in-
equalities in birthweight.7-10 15-18 Despite its abundance of covariates in the explana-
tory models, our study resulted in only a slightly higher percentage of explained 
educational differences in birthweight than earlier studies did with only a few 
explanatory variables.14-17 This is probably a consequence of the fact that our fully 
adjusted model simultaneously included risk factors and suppressive factors for a 
relatively low birthweight among lower educated women. 
explanation of educational inequalities in birthweight
In our study, parity, age, and height of the pregnant women, hypertension, marital 
status, and smoking habits explained important parts of the association between 
educational level and birthweight, which confirms previous reports.14-17 Of all stu-
died factors, smoking habits of pregnant women explained by far the largest part 
of the educational differences in birthweight. The explained part of 45% to 66% 
by adjusting for smoking is comparable with Finnish research showing that smo-
king explained up to half the excess risk for low birthweight in the lowest socio-
economic group.14 Unlike earlier studies, we also examined parental birthweight, 
paternal height and psychosocial characteristics as possible explanatory factors; 
these variables indeed explained a statistically significant part of the association.  
High parental birthweight and height can be considered as a proxy of a genetic 
predisposition for a relatively high birthweight of the offspring.19 The literature 
on the effects of prenatal stress shows that circumstances such as single mother-
hood, unplanned pregnancy, financial concerns and living in more crowded house-
holds are associated with a relatively high risk of having a low birthweight infant, 
which is attributed to a pregnant woman’s physiological and hormonal responses 
to stress.21 22 Since these adverse situations were more prevalent among the lower 
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educated women in our study, we hypothesize that psychosocial factors contribute 
to the existence of educational inequalities in birthweight through stress and its 
associated physical responses. 
The present study showed that lower educated pregnant women also have a 
relatively high prevalence of certain factors that have a suppressive effect on low 
birthweight. First, these women have a higher mean BMI, which is positively cor-
related with birthweight.19 However, a high BMI during pregnancy is associated 
with a greater risk of pre-eclampsia and gestational diabetes,39 which can create 
several health risks for the unborn child, including birth trauma, induced preterm 
delivery, macrosomia and even neonatal death.40 41 Thus, despite the suppressive 
effect of BMI on low birthweight among women with a lower education, high BMI 
represents risks to a pregnant woman and her unborn child, and is therefore not 
recommended.
The second factor with a suppressive effect was the lower number of hours 
worked by lower educated pregnant women. This number was inversely asso ciated 
with birthweight (data not shown), which explains the increasing birthweight dif-
ferences between the different educational groups when adjusting for working 
hours. Further research should establish whether the number of working hours 
per week is causally related to birthweight and other pregnancy outcomes, an as-
sociation on which the available literature has reported inconsistent findings.42-44 
strengths and limitations of the study
The strengths of the present study are the large number of participating pregnant 
women with different levels of education, its prospective population-based design 
and the detailed information on numerous explanatory variables19 21 32. Additional-
ly, unlike studies that have focused only on clinically low birthweight, we analyzed 
differences across the whole continuum of birthweight. Finally, a thorough missing 
values procedure was applied to our data. The complete case analysis indicated that 
among lower educated women those with a higher birthweight of the offspring 
respond better than those with a lower birthweight. We decided to impute mis-
sing data instead of excluding those with missing values, as multiple imputation 
has the benefit of circumventing these selection mechanisms involved in missing 
values. Moreover, using multiple imputation instead of complete case analysis also 
increased statistical power due to a larger study population. 
Some methodological issues also need to be considered. Sixty-eight percent of all 
infants born to Dutch women in the study area were participants in the  Generation 
R Study. Because women and infants in the overall Generation R cohort have a 
lower prevalence of medical complications than the prevalence projected in popu-
lation figures in Rotterdam,28 30 participants in the present study probably represent 
a selection towards a more healthy population. 
Furthermore, information on many covariates in this study was self-reported, 
which may have resulted in underreporting of smoking and alcohol consumption. 
These misclassifications are probably not random. For instance, studies among 
young adults45 and pregnant women46 demonstrated that cigarette smoking was 
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significantly underreported in those who were low educated. Consequently, the 
effect sizes and thereby possibly the explained part of educational differences in 
birthweight by smoking and alcohol consumption may be underestimated. Other 
covariates such as parental birthweight may have been subject to recall bias. Such 
a bias would presumably be random; we are unaware whether it influenced the 
effect estimates, or how. 
As some determinants of birthweight were not available for this study, we were 
unable to take into account all possible explanatory factors. For instance, data on 
maternal dietary intake were not yet available at the time this study was conducted. 
Pregnant women need additional energy intake (approximately 300 kcal per day) 
to achieve optimal fetal growth; this is especially recommended during the second 
and third trimester of pregnancy.32 Furthermore, studies showed beneficial effects 
on birthweight of protein, vitamin, and omega-3 fatty acids intake.22 32 Research 
among pregnant women has indicated that socioeconomic status was positively as-
sociated with fruit, vegetable and fish consumption and inversely related to intake 
of high-fat foods.47-49 Therefore, including dietary patterns in our study may result 
in different estimates of the full-adjusted model and possibly leads to a somewhat 
larger proportion explained birthweight differences. 
Finally, the use of regression adjustment to assess mediation has been criticized, 
since the required assumptions on causality are difficult to verify and the percen-
tage change can be similar for different absolute changes in effect estimates.50 The 
latter issue could partially be solved by expressing estimates in standard devia-
tion scores, but this would make interpretation of the regression coefficients less 
comprehensible. So, as alternative methods are not necessarily better, regression 
adjustment remains a widely used approach to investigate the contribution of risk 
factors to SES differences in health.  
implications of the study
Reducing socioeconomic inequalities in birthweight is an important public health 
issue, since such inequalities may be precursors of the socioeconomic gradient in 
health throughout life.10 13 Generally, a higher birthweight is associated with bet-
ter health conditions.1-6 However, Graafmans et al51 reported a U-shaped relation 
between birthweight and perinatal mortality: relatively low birthweights and rela-
tively high birthweights both being associated with an increased risk of mortality. 
Although statistically non-significant, the risk of macrosomia was slightly higher 
among higher educated pregnant women in the present study. Given the associ-
ated health risks, it is important to monitor whether the association between edu-
cational level and macrosomia is confirmed in other studies. The results of such 
a study will indicate whether interventions are needed to prevent macrosomia 
among women in higher socioeconomic strata. 
Some of the covariates that explained part of the educational inequalities in 
birthweight seem to be modifiable by intervention programs. Altering smoking 
habits may be an option to reduce educational differences in birthweight, as a rela-
tively high percentage (38%) of lower educated women continued to smoke during 
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pregnancy as compared the highest educated women (5%). Prenatal care providers 
must be aware that especially women with a lower education tend to continue 
smoking during pregnancy. They should apply evidence-based intervention strate-
gies to get pregnant women to stop smoking.52 Additionally, nationwide campaigns 
could raise awareness about the detrimental effects of smoking on maternal and 
fetal health.
It is also desirable but potentially more difficult to change the educational gradi-
ent in other factors. For instance, the prevalence of hypertension might be lowered 
by calcium supplementation and low-dose aspirin treatment among women at risk 
for hypertensive complications during pregnancy.53 Furthermore, we recommend 
the development and implementation of effective strategies for preventing adverse 
circumstances in pregnant women, such as single motherhood, having financial 
concerns and unplanned pregnancies. Since initiation of prevention programs 
 during pregnancy may be too late, the most effective strategy is probably by em-
bedding these programs in preconception care.54 In order to tackle inequalities in 
birthweight, it is of crucial importance that effective interventions are accessible 
for pregnant women in the lower socioeconomic strata.
In conclusion, our study confirmed remarkable educational inequalities in birth-
weight, which were largely explained by pregnancy characteristics, anthropo-
metrics, psychosocial and material situation, and lifestyle-related factors. To unravel 
the whole spectrum of causes of the inequalities we have reported here, further 
research remains necessary. In the meantime, effective public health interventions 
should be developed and implemented to reduce undesirable socioeconomic in-
equalities in birthweight. 
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ABSTRACT
objectives: The association between employment status during pregnancy and 
pregnancy outcome remains unclear. Therefore this study explored the relation 
between employment status, type of unemployment and number of weekly wor-
king hours, with a wide range of pregnancy outcomes.
methods: The study was embedded within a population-based cohort study in 
the Netherlands. Information on employment characteristics and pregnancy out-
comes was available for 6111 pregnant women. 
results: After adjustment for confounders, there were no statistically signifi-
cant differences in risks of pregnancy complications between employed and 
unemployed women. In the subgroup of unemployed women, women receiving 
 disability benefit had an increased risk of preterm ruptured membranes (OR=3.16, 
95% CI: 1.49, 6.70), elective caesarean section (OR=2.98, 95% CI: 1.21, 7.34), and 
preterm birth (OR=2.64, 95% CI: 1.32, 5.28) as compared to housewives. Offspring 
of both students and women receiving disability benefit had a significantly lower 
mean birth weight than the offspring of housewives (difference: -93, 95% CI: -174, 
-12; and -97, 95% CI: -190, -5, respectively). In the subgroup of employed women, 
long working hours (i.e. ≥40 h/week) were associated with a decrease of 54 g in 
offspring’s mean birth weight (adjusted analysis; 95% CI: -89, -1) compared with 1 
to 24 h/weekly working hours. 
conclusions: We found no indications that paid employment during pregnancy 
benefits or endangers the health of mother and child. Within the subgroups of 
unemployed and employed women we observed, however, that women receiving 
disability benefit, students and women with long working hours during pregnancy 
were at risk for some adverse pregnancy outcomes. More research is needed to 
replicate these results and to provide explanations for these findings. Meanwhile, 
prenatal care providers should be made aware of the risks associated with specific 
types of unemployment and long working hours. 
77
ch
ap
te
r 
2.
4
employment status and the risk of pregnancy complications
INTRODUCTION
The employment rate of women is increasing in many Western countries. In the 
European Union the proportion of employed women increased from about 50% in 
1997 to 60% in 2007;1 this implies a growing number of women who work during 
their pregnancy. Studies in the general population show that paid employment is 
associated with a better health status as compared to being unemployed;2-4 this 
phenomenon is called the ‘healthy worker effect’.5 This raises the question whe-
ther there is also a positive association between paid employment and pregnancy 
outcomes, or whether there are unfavourable effects of paid employment regar-
ding pregnancy outcomes due to, for example, overload. 
Earlier research on employment status during pregnancy was primarily aimed 
at exploring the relation between paid employment (present versus absent) with 
gestational duration and birth weight; however, due to inconsistent findings the 
direction and magnitude of this association remains unclear.6-11 Whether paid em-
ployment is related to other indicators of neonatal health, maternal pregnancy 
complications, and/or delivery characteristics remains largely unknown, as re-
search in this area is lacking. 
Besides comparing pregnancy outcomes of employed and unemployed women, 
the effect of long weekly working hours on pregnancy outcomes among employed 
women has also been investigated. It was consistently reported that there is no 
 association between the number of weekly working hours and the risk of low birth 
weight;8 9 12 13 however, for preterm birth inconsistent findings were reported.8-11 13 14 
The relation between weekly working hours and pregnancy outcomes other than 
gestational duration and birth weight has seldom been explored. A study in the 
USA indicated that pregnant women with gestational hypertension worked more 
hours per week than the control group;15 Hung and colleagues found no association 
between the weekly working hours of pregnant women and the risk of caesarean 
delivery.16 Although several studies focused on employment characteristics (e.g. the 
working hours of employed women), the group of unemployed women was seldom 
examined in more detail. Therefore, it remains unknown whether all unemployed 
women have the same risk of pregnancy complications, or whether this comprises 
a more heterogeneous group. 
The present study examined the relation between employment status during 
pregnancy and a wide range of pregnancy outcomes, such as maternal pregnancy 
complications, delivery outcomes and markers of neonatal health. Among unem-
ployed pregnant women, we explored whether specific types of unemployment 
(house wife, job-seeking / receiving basic social security benefit, receiving dis ability 
benefit, and student) are associated with pregnancy outcomes. For employed preg-
nant women, the relation between the number of weekly working hours and preg-
nancy outcomes was examined. For this, we used data from the Generation R Study, 
a large prospective birth-cohort study in the Netherlands. 
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METHODS
design
This study was embedded in the Generation R Study, a population-based cohort 
study from foetal life onwards; this is described in detail elsewhere.17 18 All preg-
nant women living in the study area (Rotterdam, the Netherlands) were informed 
about the study by healthcare workers (e.g. community midwives and obstetri-
cians). In total, 8880 pregnant women of different ethnicities with a delivery date 
between April 2002 and January 2006 enrolled in the prenatal part of the study. 
Of all pregnant women in the study area that had a live birth, 61% participated 
in the Generation R Study (based on cohort years 2003 and 2004: of the 8494 live 
births, 5189 participated). Assessments, including physical examinations, foetal 
ultrasound examinations, and questionnaires, were planned in early (5-18 weeks’ 
gestation; median=13 weeks), mid- (18-25 weeks’ gestation; median=20 weeks) and 
late pregnancy (25-39 weeks’ gestation; median=30 weeks). Written informed con-
sent was obtained from all participants. The local Medical Ethical Committee ap-
proved the study. 
population for analysis
Of the 8880 participants who enrolled in the Generation R Study during pregnan-
cy, those who had had a miscarriage (n=78), induced abortion (n=29), twin preg-
nancy (n=93), as well as those who enrolled in the study after 25 weeks’ gestation 
(n=350) were excluded from the present study. Additionally, we excluded women 
without information on employment status (n=2219), yielding a sample size of 
6111 pregnant women for the present analyses. Because data on one or more of 
the pregnancy complications were missing for some of the participants, the popu-
lation for analyses varied per outcome (n between 5585 and 6110).  
 
employment status and weekly working hours
Information on employment during pregnancy was obtained by postal question-
naire in late pregnancy (>25 weeks’ gestation). The women were asked to fill out 
which of the following descriptions applied most to them at that moment: paid 
employment, self-employed, job-seeking / receiving basic social security benefit, 
receiving disability benefit, housewife, or student. We generated the dichotomous 
variable ‘employment status’ by combining the first two categories (‘paid employ-
ment’) and merging the remaining categories (‘unemployed’). The number of week-
ly working hours of the participants with paid employment was assessed by means 
of the open question “How many hours per week do you work?” Working hours were 
categorized into ‘1-24’, ‘25-39’, and ‘40 or more hours a week’. 
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pregnancy complications
Information on the following pregnancy complications was obtained from the 
medical records and delivery reports of the hospital and midwife registries (com-
plications indicated in italics): 
•	 Pregnancy-induced hypertension and pre-eclampsia were defined according to the 
criteria described by the International Society for the Study of Hypertension 
in Pregnancy.19 Pregnancy-induced hypertension was diagnosed if previously 
normotensive women had a systolic blood pressure of at least 140 mmHg and/
or a diastolic blood pressure of at least 90 mmHg after 20 weeks of gestation; if 
pregnant women additionally had proteinuria (≥300 mg/24 h), then they were 
diagnosed as pre-eclamptic. 
•	 Gestational diabetes was diagnosed according to Dutch midwifery and obstetric 
guidelines using the following criteria: random glucose level above 11.1 mmol/l 
or a glucose level higher than 7.0 mmol/l after fasting, without previously di-
agnosed diabetes. 
•	 Preterm ruptured membranes before 37 weeks’ gestation were defined as present 
(‘yes’) or absent (‘no’).
•	 Poor progress of delivery was defined as failure to progress during the first and/or 
second stage of labour (yes/no). 
•	 Mode of delivery was categorized as ‘spontaneous delivery’, ‘assisted vaginal 
 delivery’, ‘elective caesarean section’, and ‘emergency caesarean section’. 
•	 We determined gestational age by foetal ultrasound examination at the first 
visit to our research centre. Pregnancy dating curves were constructed using 
subjects for whom we had both ultrasound examinations <25 weeks’ gestation 
and reliable information on last menstrual period.20 Subsequently, all pregnan-
cies in our study were dated using these curves. Birth was classified as preterm if 
it occurred at <37 weeks’ gestation. 
•	 Meconium-stained amniotic fluid was defined as present (‘yes’) or absent (‘no’).
•	 We dichotomized the continuous Apgar score at 5 minutes into <7 or ≥7. 
•	 Birth weight was measured in grams. 
•	 Small-for-gestational-age (SGA) was based on gestational age and gender specific 
birth weight distributions. Babies were defined as SGA if they were below the 
10th percentile.21 
confounders
The following variables were considered as possible confounders in the associa-
tion between employment characteristics and pregnancy outcomes. Age, height 
and weight of the pregnant women were assessed at enrolment. Body mass index 
(BMI) was calculated (kg/m²). A questionnaire was used to obtain information on 
ethnicity (Dutch, other Western, non-Western), educational level (low, high), family 
income (<2000 and >2000 euros per month), marital status (married/cohabiting, 
single), smoking and alcohol consumption during pregnancy, and parity. Smoking 
was categorized as: no smoking, <5 cigarettes per day and ≥5 cigarettes per day. 
Alcohol consumption was categorized according to the amount of alcoholic con-
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sumptions per week: no drinking, <1 drink per week, 1-6 drinks per week, and ≥1 
drinks per day. Due to the small numbers, the latter two categories were merged in 
the multivariate analyses. We defined parity as the number of live births the par-
ticipants had previously delivered (0, ≥1). Maternal psychopathology was assessed 
 using the Brief Symptom Inventory, a validated self-report;22 the weighted sum 
score of the 53 items indicates the global severity of psychopathological symptoms, 
with higher scores denoting more symptoms. Information on the gender of the 
offspring was obtained from the hospital and midwife registries.
statistical analyses
Univariate logistic regression was used to calculate odds ratios (ORs) for pregnancy 
complications among employed participants as compared to the reference group 
of unemployed pregnant women. Subsequently, in multivariate logistic regres-
sion analyses the ORs were adjusted for potential confounding factors. For birth 
weight (a continuous outcome) linear regression was applied; the multivariate 
 linear regression analysis was also adjusted for gestational age at birth. Next, in the 
subgroup of unemployed women, we calculated adjusted ORs for pregnancy com-
plications per subgroup of unemployment (job seeking, receiving disability benefit, 
student) as compared to the reference group of housewives. Finally, among parti-
cipants with paid employment during pregnancy, logistic regression was applied 
to examine the adjusted association between weekly working hours and pregnancy 
outcomes; again, linear regression was applied for birth weight. To test for trends, 
we replicated the latter analyses including weekly working hours as a continuous 
variable. In the multivariate analyses, missing values on confounders were replaced 
by the median (categorical variables, BMI, and psychopathological symptoms) or 
the mean (age). All statistical analyses were performed using the Statistical Package 
of Social Sciences version 11.0 for Windows (SPSS Inc, Chicago, IL, USA).
non-response analyses
Women with missing data on employment status (n=2219) were compared with 
women who filled out the questions on employment (n=6111). Data on employment 
status was relatively more often missing in pregnant women who were younger 
(F-test=67; df=1; p<0.001), lower educated (χ2=398; df=1; p<0.001), of non-Western 
origin (χ2=296; df=1; p<0.001), single (χ2=160; df=1; p<0.001), and in those who 
smoked (χ2=14; df=1; p<0.001) as compared to women who filled out the questions 
on employment. Women with missing data more often had a preterm birth (χ2=8; 
df=1; p=0.004), an Apgar score below 7 at 5 minutes (χ2=8; df=1; p=0.004), and a 
lower birth weight of the offspring (F-test=63; df=1; p<0.001). Women with and 
without data on employment status did not differ with regard to the prevalence 
of pre-eclampsia (χ2=1.3; df=1; p=0.259), meconium stained amniotic fluid (χ2=0,4; 
df=1; p=0.529), and caesarean section (elective: χ2=2.4; df=1; p=0.122; emergency: 
χ2=0.2; df=1; p=0.679).  
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RESULTS
The characteristics of the pregnant women according to their employment status 
are presented in table 1. Of all participants, 28% (n=1703) was unemployed and 
72% (n=4408) reported to have paid work. The unemployed women were young-
er (F=598; df=1; p<0.001), lower educated (χ2=650; df=1; p<0.001), and more of-
ten of non-Western origin (χ2-=814; df=1; p<0.001) compared with women with 
paid employment. Unemployed women were also more often single (χ2=229; 
df=1; p<0.001) and reported more psychopathological symptoms (χ2-=329; df=1; 
p<0.001).  Employed women were more often nulliparous than unemployed wom-
en (χ2=116; df=1; p<0.001).  
table 1. characteristics of the pregnant women according to their employment status
employment status
nº total (n=6111)
unemployed 
(n=1703)
employed 
(n=4408)
Age (years) 6111 30.2 (5.0) 27.8 (5.6) 31.1 (4.5) **
Parity (% nulli) 6040 57.4 47.1 62.3 **
Educational level (% low) 5840 51.7 79.9 42.4 **
Family income (% <2000 euro) 5637 36.1 67.6 20.0 **
Ethnicity:  Dutch (%)
                 Other Western (%)
                 Non-Western (%) 
3324
713
1867
56.3
12.1
31.6
28.4
11.0 
60.7
65.7 **
12.5 **
21.8 **
Marital status (% single) 5802 11.5 22.6 8.1 **
Smoking during pregnancy: No smoking (% yes)
  <5 cigarettes a day (% yes)
  ≥5 cigarettes a day (% yes) 
4725
702
681
77.4
11.5
11.1
72.5
13.2
14.4
79.3 ***
10.8 ***
9.9 ***
Drinking during pregnancy: No drinking (% yes)
                                             <1 drink per week (% yes)
                                             1-6 drinks per week (% yes)
                                             ≥1 drinks per day (% yes)
2745
1769
1272
194
45.9
29.6
21.3
3.2
64.8
22.1
11.2
2.0
38.8 ***
32.4 ***
25.1 ***
3.7 ***
BMI (kg/m²) 6069 23.7 (15.3–50.8) 24.0 (15.6–50.8) 23.6 (15.3–49.4) **
Psychopathology (score)# 5358 0.15 (0.00–3.04) 0.24 (0.00–3.04) 0.13 (0.00–2.86) **
Gender of the offspring (% boys) 6106 50.3 50.6 50.3
 
Values are percentages for categorical variables, mean (SD) for age, and median (100% range) for BMI and 
psychopathology
# Measured with the Brief Symptom Inventory 
º Data were missing on parity (n=71), education (n=271), income (n=474), ethnicity (n=207), marital status 
(n=309), smoking (n=3) and drinking during pregnancy (n=131), BMI (n=42), psychopathology (n=753), 
offspring’s gender (n=5) 
* p-value <0.05
** <0.001 for employed versus unemployed using c2-tests for categorical variables, ANOVA for age, and 
Kruskal-Wallis test for BMI and psychopathology.
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Several different pregnancy complications were studied. Of all 6111 women, 3129 
had no complications, 1546 had one of these complications, 1050 had two compli-
cations, and 286 had three or more complications. Table 2 presents the association 
between the employment status of the participants and pregnancy complications. 
None of these associations remained statistically significant after adjustment for 
the confounders. The unadjusted decreased risks of preterm ruptured membranes 
(OR=0.71, 95% CI: 0.54, 0.95), preterm birth (OR=0.73, 95% CI: 0.57, 0.94), meconi-
um-stained amniotic fluid (OR=0.85, 95% CI: 0.73, 0.99), and small-for-gestational-
age (OR=0.78, 95% CI: 0.65, 0.93) among employed women attenuated to statistical 
non-significance in the adjusted analyses due to a combination of confounders, 
mainly family income, educational level, ethnicity, marital status, and psychopa-
thology of the women (data not shown). The unadjusted elevated risks of poor 
progress of delivery (OR=1.49, 95% CI: 1.26, 1.76) and non-spontaneous delivery 
(assisted vaginal delivery: OR=2.04, 95% CI: 1.71, 2.44; elective caesarean delivery: 
OR=1.72, 95% CI: 1.27, 2.33; emergency caesarean delivery: OR=1.26, 95% CI: 1.01, 
1.58) in the employed group were also no longer statistically significant in the 
 adjusted analyses; this was largely due to the primiparity of these women. 
Several women (n=159) indicated that they had stopped working during preg-
nancy due to pregnancy related problems. Of these women, 84 were classified as 
unemployed and 75 as employed. To estimate whether this has influenced our 
results, we excluded these 159 women and then repeated the analyses on the as-
sociation between employment status and pregnancy complications. The ORs and 
levels of statistical significance were similar before and after exclusion of women 
who had stopped working during pregnancy, indicating that this specific group did 
not bias our results. 
table 3a shows the adjusted ORs for adverse pregnancy outcomes per type of 
unemployment as compared to paid employment. Housewives and job-seeking 
women had the same risk of adverse pregnancy outcomes as employed women. 
Women receiving disability benefit had an elevated risk of pregnancy induced hy-
pertension (OR=2.22, 95% CI: 1.00, 4.91) and preterm birth (OR=2.35, 95% CI: 1.28, 
4.31) as compared to employed women. Offspring of women receiving disability 
benefit and of students had a four-times increased risk of an Apgar score below 
7 at 5 minutes after birth (OR=4.19, 95% CI: 1.48, 11.9; and OR=3.71, 95% CI: 1.36, 
10.1, respectively). 
In table 3b the adjusted risks of adverse pregnancy outcomes per type of un-
employment as compared to housewives are presented. Job-seeking women had a 
higher risk of pre-eclampsia (OR=2.54, 95% CI: 1.03, 6.26) than housewives. Women 
receiving disability benefit were more likely to have preterm ruptured membranes 
(OR=3.16, 95% CI: 1.49, 6.70), elective caesarean section (OR=2.98, 95% CI: 1.21, 7.34), 
and preterm birth (OR=2.64, 95% CI: 1.32, 5.28) than housewives. The offspring of 
students and of women receiving disability benefit had a significantly lower mean 
birth weight than the offspring of housewives (difference: -93, 95% CI: -174, -12; and 
-97, 95% CI: -190, -5, respectively).
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table 2. association between employment status of pregnant women and pregnancy outcomes
or for adverse pregnancy outcome (95% ci)
pregnancy outcomes
n
overall       cases
unemployed
(n=1703)
paid employment
(n=4408)
paid employment 
(n=4408)
Unadjusted Adjusted#
Pregnancy-induced hypertension 5994 239 Reference 1.18 (0.88, 1.60) 0.73 (0.50, 1.05)
Pre-eclampsia 5994 126 Reference 0.96 (0.65, 1.42) 0.96 (0.60, 1.53)
Gestational diabetes 5898 66 Reference 1.20 (0.68, 2.12) 1.84 (0.95, 3.54)
Preterm ruptured membranes 5891 222 Reference 0.71 (0.54, 0.95) 0.78 (0.55, 1.09)
Poor progress of delivery 5888 952 Reference 1.49 (1.26, 1.76) 1.06 (0.87, 1.30)
Mode of delivery
 Assisted vaginal delivery¶     
 Elective caesarean delivery¶
 Emergency caesarean delivery¶
5585
969
268
442
Reference
Reference
Reference
2.04 (1.71, 2.44)
1.72 (1.27, 2.33) 
1.26 (1.01, 1.58)
1.23 (0.96, 1.53)
1.18 (0.83, 1.69)
0.84 (0.64, 1.11)
Preterm birth (<37 weeks) 6110 292 Reference 0.73 (0.57, 0.94) 0.79 (0.59, 1.07)
Meconium-stained amniotic fluid 5833 901 Reference 0.85 (0.73, 0.99) 0.87 (0.72, 1.05)
Apgar score at 5 minutes (<7) 5907 63 Reference 0.62 (0.37, 1.03) 0.56 (0.30, 1.04)
Small-for-gestational-age (<10th perc.) 6089 598 Reference 0.78 (0.65, 0.93) 0.98 (0.79, 1.22)
difference between types of employment status (95% ci)
Birth weight (grams) 6093 Reference 84 (53, 114) 3 (-28, 35)
# Adjusted for pregnant women’s age, parity, educational level, family income, ethnicity, marital status, psycho-
pathological symptoms, smoking and drinking during pregnancy, BMI, and offspring’s gender. 
The analyses for birth weight were additionally adjusted for gestational age at birth. 
¶ Compared to spontaneous vaginal delivery.
table 4 presents the adjusted associations between number of weekly working 
hours and pregnancy outcomes among the employed women. Of all employed 
participants, 26% (n=1136) worked 1 to 24 h/week, 50% (n=2216) reported to work 
25 to 39 h/week, and 26% (n=1056) reported to work ≥40 h/week. Adjusted for 
confounders, weekly working hours remained significantly associated with birth 
weight: as the amount of weekly working hours increased, mean birth weight de-
creased (p for trend=0.044). Compared with children born to women who worked 
1 to 24 h/week during pregnancy, working ≥40 h/week was associated with a re-
duction in mean birth weight of 45 g (95% CI: -89, -1) in the offspring. 
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DISCUSSION
The results of this large birth cohort study showed that, after correction for con-
founders, employed and unemployed women have the same risk of pregnancy 
complications. Though, within the subgroups of unemployed and employed 
 wo men, we observed differences in pregnancy outcomes. Among unemployed 
pregnant women, those who receive disability benefit seem to be at highest risk 
of pregnancy complications. In the subgroup of women with paid employment, 
long weekly working hours during pregnancy were associated with a lower birth 
weight in the offspring. 
employment status and pregnancy complications
Regarding the association between employment status and pregnancy complica-
tions, a mixed pattern was observed. On the one hand, our study indicated that 
paid employment among pregnant women, as compared to unemployment, was 
associated with a lower risk of several pregnancy complications, i.e. preterm rup-
tured membranes, preterm birth, meconium-stained amniotic fluid and SGA. 
Moreover, employment was associated with a higher mean birth weight than un-
employment. These observations are along the lines of the ‘healthy worker effect’ 
that implies better health outcomes among employed persons.5 Nevertheless, cau-
tion is needed when interpreting the ‘healthy worker effect’, as it is frequently the 
consequence of confounding factors.23 24 Indeed, after adjustment for confounders, 
being employed was no longer associated with better pregnancy outcomes than 
being unemployed: the lower risks for pregnancy complications among employed 
women were entirely explained by epiphenomena of employment status, specifi-
cally the combination of more optimal socio-economic circumstances (i.e. higher 
education and income) and better mental health of these women. 
On the other hand, employed pregnant women also had an increased risk of 
 adverse outcomes that mainly involved complications at delivery, such as poor 
progress of delivery and non-spontaneous delivery. These associations were entirely 
attributable to parity. The explanation for this is that the employed women in 
our study were more often nulliparous than unemployed women, and that giving 
birth for the first time is associated with a relatively high risk of such obstetric 
complications.25
Defining statistical significance at a p-value below 0.05, we found that employ-
ment status was not associated with pregnancy complications. However, some of 
the relations just missed this level of statistical significance. This concerned the 
decreased risk of pregnancy-induced hypertension and non-optimal Apgar score 
as well as the increased risk of gestational diabetes and assisted vaginal delivery 
among employed women as compared to unemployed women. It might be that 
these associations did not reach statistical significance due to a small number of 
cases. Therefore, it is important that our findings are replicated in large population 
based studies with a sufficient number of cases of these pregnancy complications. 
In the unemployed group, women receiving disability benefit had the highest 
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risk of several pregnancy complications. The findings on mode of delivery indi-
cate that obstetricians often decide in advance to end pregnancies of women re-
ceiving disability benefit with an elective caesarean section. This may be done to 
 reduce health risks for both mother and child. Hypothetically, ill health of women 
 receiving disability benefit is the cause of both their unemployment and their 
increased risk of complicated pregnancies. Unfortunately, we were unable to con-
trol for pre-existing physical health status of the pregnant women, as we lacked 
information on this topic. We also showed that the mean birth weight of offspring 
of women receiving disability benefit and of students was lower as compared to 
offspring of housewives. The explanation for this might be differences in levels of 
stress or variations in dietary and exercise patterns, which are known to be related 
to birth weight in the offspring.26 27 28 3 Finally, the analyses among unemployed 
women indicated that offspring of students and of women receiving disability 
b enefit had an increased risk of a non-optimal Apgar score after birth as compared 
to employed women. Further research is necessary to replicate this result, as this 
has, to our knowledge, not been reported before and because the analyses were 
performed on small groups. 
Among employed women, we observed that long weekly working hours during 
pregnancy were associated with a lower birth weight in the offspring. This is in con-
trast to earlier studies that reported no association.8 9 12 13 These studies, however, 
examined birth weight in a dichotomized way, while we analyzed birth weight con-
tinuously whereby differences are detected more rapidly. Besides  methodological 
considerations, such as multiple testing and residual confounding, there may be 
other reasons for the observed inverse association between working hours and 
birth weight. Women who work full-time might experience more stress than those 
working part-time. Stress during pregnancy is known to be associated with reduced 
blood flow through the uterine arteries.29 This may, in turn, affect foetal develop-
ment and thus birth weight. Alternatively, the lower birth weight among women 
with long weekly working hours might also be explained by more frequent expo-
sure to work related hazards, such as prolonged standing12 or pesticides30. 
methodological considerations
Several methodological considerations need to be addressed. The participants of 
the Generation R cohort represent a selection towards a relatively healthy popula-
tion.31 32 Moreover, the non-response analyses indicated that data were more com-
plete in higher educated, non-single, older, and non-smoking pregnant women of 
Dutch origin. Women with missing data on employment had a higher risk of some, 
but not all pregnancy complications as compared to women without missing data. 
So, the selective participation and response resulted in an underrepresentation of 
pregnant women of the most disadvantaged groups, who are at increased risk for 
pregnancy complications. This might restrict the external validity of our study, 
especially if the relation between employment characteristics and pregnancy com-
plications differed between participating and non-participating women. Despite 
our large study population, another limitation is the low prevalence rates of some 
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of the pregnancy complications. For instance, only 66 women had gestational dia-
betes and only 63 babies had an Apgar score <7 at 5 minutes after birth; conse-
quently, there was limited power to detect significant differences. Moreover, while 
the diagnostic criteria used to identify cases of gestational diabetes in the present 
study compare well with those used by the American Diabetes Association33 some 
cases of gestational diabetes may have been missed, as suggested by our relatively 
low incidence of gestational diabetes.34 This is probable because measurement 
of blood glucose levels was not a standard prenatal procedure, whereby cases of 
 gestational diabetes without overt symptoms might have remained unrecognized 
by the prenatal caregiver. Another shortcoming is that assessment of employment 
characteristics occurred at only one time point during pregnancy; however, we 
assume that these conditions generally remain relatively stable until maternity 
leave. Furthermore, the use of self-reports of alcohol consumption and smoking 
during pregnancy is also a limitation, as this may result in reporter bias. Finally, 
the adjustment for some confounding factors may have resulted in over-adjust-
ment of the analyses. 
This pertains particularly to family income, as it is plausible that unemployment 
leads to pregnancy complications via restricted financial resources and worries 
about financial issues. Nevertheless, exclusion of family income from the adjusted 
analyses on the effect of employment status on pregnancy complications did not 
result in different findings and conclusions. The covariates educational level, parity 
and psychopathological symptoms may be, at least in part, preceding factors in the 
association between paid employment and pregnancy complications. However, as 
it is not probable that the effect of these covariates on pregnancy complications is 
completely mediated by employment status, these covariates should be considered 
as confounding factors rather than as antecedents.   
implications and conclusions
Because our study is one of the first to examine the relation between employment 
status and weekly working hours with a wide range of pregnancy complications, 
more research is needed to replicate and complement our findings. It is important 
to elucidate the underlying mechanisms for our findings that women receiving 
disability benefit have an increased risk of pregnancy complications and that dif-
ferent types of unemployment and long weekly working hours are associated with 
a lower birth weight. Because commencement of maternity leave may be inter-
twined with the effect of weekly working hours on birth weight, future studies 
should also take this factor into consideration.  
In conclusion, we found no indications that paid employment during pregnancy 
benefits or endangers the health of mother and child. The subgroups of employed 
and unemployed women proved, nevertheless, to be relatively heterogeneous: 
women receiving disability benefit had an elevated risk of preterm delivery than 
housewives. Moreover, offspring of students, of women receiving disability be nefit 
and of women with long working hours during pregnancy had a lower mean birth 
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weight. More research is needed to confirm these findings and to provide explana-
tions for these results. In the meanwhile, prenatal care providers should be made 
aware of the risk of pregnancy complications among women receiving disabi-
lity benefit and students, and of the offspring’s lower mean birth weight among 
women receiving disability benefit, students and women with long working hours 
during pregnancy. Perhaps extensive monitoring and counselling by prenatal care 
providers leads to a reduction in the risks of pregnancy complications among these 
women. Future research should examine whether this is an effective strategy. 
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ABSTRACT
background: A low socioeconomic status (SES) has consistently been associated 
with behavioural problems during childhood. The studies of SES and behaviour 
in infants used temperament as a behavioural measure. However, these studies in 
younger children yielded inconsistent findings. Furthermore, they generally did 
not examine explanatory mechanisms underlying the association between SES 
and temperament. We investigated the association between SES and temperament 
in infancy. 
methods: The study was embedded in the Generation R study, a population-based 
cohort in The Netherlands. Maternal and paternal education, family income, and 
maternal occupational status were used as indicators of SES. At the age of six 
months, 4055 mothers filled out six scales of the Infant Behaviour Questionnaire-
Revised. 
results: Lower SES was associated with more difficult infant temperament as 
measured by five of the six temperament dimensions (e.g. Fear: unadjusted z-score 
difference between lowest and highest education: 0.57 (95%CI: 0.43, 0.71)). Only 
the direction of the association between SES and Sadness was reversed. The ef-
fect of SES on Distress to Limitations, Recovery from Distress, and Duration of 
 Orienting scores was largely explained by family stress and maternal psychologi-
cal well-being. These covariates could not explain the higher levels of Activity and 
Fear nor the lower Sadness scores of infants from low SES groups. 
conclusions: SES inequalities in temperament were already present in six 
months old infants and could partially be explained by family stress and mater-
nal psychological well-being. The results imply that socioeconomic inequalities in 
mental health in adults may have their origin early in life.
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INTRODUCTION
Socioeconomic inequalities in mental health during childhood are well docu-
mented. Research within different age ranges has indicated that children from 
families with a low socioeconomic status (SES) exhibit higher rates of overall pro-
blem  behaviour as measured by behaviour checklists than children from higher 
SES families.1-6 Similarly, clinically diagnosed psychopathology is more prevalent 
among children from lower SES families, although the strength of this associa-
tion varies by type of psychiatric disorder.7 8 The effects of SES were particularly 
consistent for disruptive behaviour disorders8 9, ADHD10, and depression9 11, while 
an association between SES and, for example, pervasive developmental disorders 
is not evident12. The mechanisms through which SES influences children’s psycho-
social well-being are not completely understood; however, some mediating factors 
have been identified. Research has indicated that a young maternal age and single 
parenthood explain part of the association.7 13
The above mentioned studies were conducted in school-aged children. Research 
regarding socioeconomic inequalities in mental health of infants used tempera-
ment as a behavioural measure, which is one possible way to conceptualize ear-
ly emotional differences. Temperamental traits are relatively stable across the 
lifespan14 15 and are shaped by both genetic and environmental factors16 17. There are 
methodological difficulties when relating temperament dimensions to children’s 
risk for psychopathology.18 19 However, several studies argued that temperamental 
difficulties predict later behavioural problems.16 17 20 For instance, Schwartz et al.21 
reported that an inhibited temperament (subdued to and avoidant of novelty) in the 
second year of life predisposes children to social anxiety in adolescence. A difficult 
temperament in infancy is also associated with other adverse outcomes in child-
hood and adolescence (e.g. poor school achievement22, language impairment23, and 
problems with peers24). Little research on the association between SES and infant 
temperament has been carried out. Most of these studies found no or minimal 
evidence of a socioeconomic gradient in infant temperament;25-27 only Sameroff et 
al.28 reported that infants of lower SES families had a more difficult temperament. 
Because of these contradictory findings, it has remained unclear whether socioeco-
nomic differences in temperament are already present in infancy.
Little attention has been paid to the explanatory mechanisms behind the asso-
ciation between SES and temperament. Probably, these mechanisms are at least 
partly similar to explanatory pathways through which SES influences behaviour 
of school-aged children, i.e. maternal age and single parenthood.3 7 However, other 
risk factors of behavioural problems may also be involved. In a review, Campbell29 
concluded that many indicators of maternal psychological well-being and family 
stress are associated with problem  behaviour in preschool children. Examples of 
these indicators are symptoms of maternal psychopathology and general malaise, 
marital dissatisfaction, and stressful life events in the past year. In the same review 
birth weight was listed as a biological risk factor of later behavioural problems.29 
Furthermore, many other review studies indicated maternal smoking during preg-
98
chapter 3.1
nancy as a risk factor for child behavioural problems.30 31 As these risk factors of 
behavioural problems are asso ciated with SES, they possibly explain the relation 
between SES and temperament. 
The aim of the present study was to examine the association between socio-
economic status and temperament in infants six months of age. We analyzed the 
different indicators of SES, namely maternal and paternal education, maternal 
 occupational status, and family income, separately, in order to study the differential 
effects of the SES components and obtain results easy to interpret.32 Furthermore, 
we explored the following possible explanatory mechanisms underlying this rela-
tion: sociodemographic characteristics (maternal age and marital status), family 
stress (long lasting difficulties and family functioning), and maternal  psychological 
well-being (psychopathology, self-esteem and confidence in caretaking). We hy-
pothesized that (i) a lower socioeconomic status is associated with less favourable 
temperament scores of the infants and (ii) this effect is largely explained by socio-
demographic characteristics, family stress, and maternal psychological well-being.
METHODS
design
This study was embedded in the Generation R Study, a population-based cohort 
study from fetal life until young adulthood.33 Briefly, pregnant women living in 
the study area in Rotterdam, The Netherlands, with an expected delivery date be-
tween April 2002 and January 2006, were invited to participate. Written informed 
consent was obtained from all participants. The Medical Ethical Committee of the 
Erasmus Medical Center, Rotterdam, has approved the study. 
population for analysis
Full consent for the postnatal phase of the Generation R Study was obtained from 
7295 infants and their mothers. Those without information on maternal educa-
tion (n=662) were excluded from the present study. Infants with missing data on 
temperament at six months, either due to logistic problems at our research cen-
ter (n=1161) or because of non-response (n=1417), were also excluded, yielding 
a sample size of 4055 infants for the present analyses. The response rate for the 
temperament questionnaire was 74% (4055 / 5472). Due to missing data, the study 
population varies per indicator of SES. The study population consisted of 2001 
boys and 2054 girls with a mean age of 6.7 months. The ethnic breakdown of the 
sample was: 2631 Dutch children, 395 Other Western children, and 1027 children 
of non-Western background.
socioeconomic status
Information on different indicators of SES was obtained by questionnaire during 
pregnancy. Maternal and paternal education were defined as the highest attained 
educational level and divided into five categories ranging from primary education 
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only (I) to university (V) 34. Family income, defined by the total net monthly income 
of the household, was categorized as ‘<1200 euros’, ‘1200-2000 euros’, and ‘>2000 
euros’. Maternal occupational status was coded from I (low occupation) to V (high 
occupation) following the method of the Dutch Central Bureau of Statistics.35
infant temperament
At the age of six months, infant temperament was assessed using an adapted ver-
sion of the Infant Behaviour Questionnaire-Revised (IBQ-R).36 A detailed descrip-
tion of the changes has previously been described.37 Briefly, we assessed six scales 
of the IBQ-R: Activity Level (e.g. movements of arms and legs); Distress to Limita-
tions (e.g. fussing or crying while in caretaking activities); Duration of Orienting 
(e.g. attention to a single object for extended periods of time); Sadness (e.g. general 
low mood); Fear (e.g. startle or distress to novelty or sudden changes in stimula-
tion); and Recovery from Distress (e.g. rate of recovery from general arousal; ease 
of falling asleep). Higher scores on the scales, except for Recovery from Distress, 
indicate a more difficult temperament. The 74 assessed items ask mothers to rate 
the frequency of certain behaviours in specified contexts across the previous week 
on a three-point scale (0=never present, 1=sometimes present, 2=often present). 
The total score of a scale was defined as missing, if more than 25% of the items in a 
scale were not filled out. Internal consistencies for the adapted IBQ-R ranged from 
α=0.70 (Duration of Orienting) to α=0.85 (Fear), which is satisfactory and compa-
rable to the internal consistencies of the original IBQ-R.36    
covariates
On conceptual grounds, a distinction was made between confounders and 
 mediators, two statistically identical concepts. The mediation hypothesis states 
that there is a causal relation between an independent, a third and dependent vari-
able, while confounding does not necessarily imply a causal relationship between 
a third and other variables.38 Infant gender, age and ethnicity were considered as 
confounders, since they can bias the association, but are not on the causal pathway 
between socioeconomic status and infant temperament, in contrast to the other 
covariates under study.
Sociodemographic characteristics, family stress, maternal psychological well-
being, maternal smoking during pregnancy and infant birth weight were stu died 
as potential mediators. Information on the sociodemographic characteristics ma-
ternal age and marital status (‘Married or cohabiting’ and ‘Single parenthood’) 
was obtained by questionnaire. Family stress was assessed by questionnaire with 
the Long Lasting Difficulties checklist39 and the General Functioning Scale of the 
Family Assessment Device40. Maternal psychological well-being included maternal 
psychopathology during pregnancy and again two months postpartum using the 
Brief Symptom Inventory, a validated self-report questionnaire which consists of 
positive and negative self-appraisal statements.41 We evaluated global self-esteem 
with the Rosenberg Self-Esteem Scale.42 The final measure of psychological well-
being was the subscale Lack of Confidence in Caretaking of the Mother and Baby 
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Scales.43 Two months after birth of their child, the mothers filled out this scale, 
with lower scores denoting more confidence in looking after the baby. 
statistical analyses
The infants’ temperament scores were z-standardized in the current study. The 
standardized differences between the mean temperament scores of different SES 
groups can thus be evaluated according to Cohen’s criteria.44 The Fear scores had 
a right skewed distribution and were therefore log transformed. Linear regres-
sion was used to examine the association between SES and the six temperament 
scales. We conducted these analyses for each indicator of SES separately. The val-
ues presented in tables 2, 3 and 4 reflect differences in IBQ-R scores between the 
highest SES group (reference group) and the other SES groups. The confounders 
infant age and ethnicity were included in the primary analyses. As gender did 
not meaningfully change the effect estimates, this covariate was not included as 
confounder. All fully adjusted associations were controlled for socio demographic 
characteristics, family stress, as well as maternal psychological well-being. Adjust-
ment for birth weight and smoking habits did not meaningfully change the effect 
estimates. Therefore, these covariates were not included in the adjusted analyses. 
Stepwise adjustment is presented for two IBQ-R scales to illustrate the influence 
of specific covariates. We chose this statistical approach of regression adjustment 
and did not apply formal mediation criteria, as variables may be explanatory in 
the absence of significant associations with both the determinant and outcome.38 
Multiple imputation (function AregImpute in Splus 6.0) was applied to substitute 
missing data of the covariates, by using the relations between the variables in the 
dataset.45 Because the substitution procedure was repeated five times, multiple 
imputation took into account the uncertainty of the imputed values. All statistical 
analyses were performed using Statistical Package of Social Sciences version 11.0 
for Windows (SPSS Inc, Chicago, IL, USA) and Splus 6.0 Professional Release 1. 
non-response analyses
Mothers with missing data on infant temperament (n=2578), either due to logistic 
problems or because of non-response, were compared with mothers who filled 
out the IBQ-R (n=4055). Data on temperament was more often missing (n=2578) in 
mothers who were lower educated (χ2=259; df=4; p<0.001), non-Western (χ2=134; 
df=2; p<0.001), single parent (χ2=89; df=1; p<0.001), and younger (F-test=114; df=1; 
p<0.001) as compared to mothers who filled out the temperament questionnaire.
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RESULTS
Characteristics of the mothers and infants per educational category are presented in 
table 1. The lowest educated mothers were younger as compared to mothers with 
the highest education (F-test=159; df=4; p<0.001). They were also more often single 
(χ2=128; df=1; p<0.001), experienced higher levels of family stress (F-test=58; df=4; 
p<0.001), and reported more Long Lasting Difficulties (F-test=31; df=4; p<0.001) and 
psychopathological symptoms (prenatal: F-test=60; df=4; p<0.001; postpartum: F-
test=28; df=4; p<0.001). Moreover, the infants of the lowest educated mothers were 
more often non-Dutch (82.3%) than infants of the highest educated mothers (23.5%; 
χ2=276; df=1; p<0.001).  
table 1. characteristics of mothers and their infants according to level of 
maternal education 
level of maternal education (n=4055)
v (highest) iv iii ii i (lowest)
(n=1290) (n=970) (n=1146) (n=406) (n=243)
Sociodemographic characteristics
   Age (years)     33.2 ± 3.2     31.8 ± 4.0 ***     29.9 ± 4.9 ***     28.3 ± 5.6 ***     28.4 ± 5.9 ***
   Marital status (% single)       2.7       5.5 **     12.7 ***     20.5 ***     22.3 ***
Family stress
   Long Lasting Difficulties (score)       1.6 ± 2.3       2.1 ± 2.7 **       3.0 ± 3.7 ***       3.0 ± 3.5 ***       3.5 ± 4.2 ***
   Family Assessment Device (score)       1.4 ± 0.4       1.5 ± 0.4 **       1.6 ± 0.5 ***       1.7 ± 0.5 ***       1.8 ± 0.5 ***
Maternal psychological well-being
   Prenatal psychopathology (score)       0.16 ± 0.2       0.20 ± 0.2 **       0.29 ± 0.4 ***      0.37 ± 0.4 ***      0.45 ± 0.5 ***
   Postpartum psychopathology (score)       0.16 ± 0.2       0.21 ± 0.3 **       0.27 ± 0.4 ***      0.28 ± 0.4 ***      0.38 ± 0.5 ***
   Rosenberg Self-Esteem Scale (score)       4.5 ± 0.5       4.4 ± 0.5 *       4.3 ± 0.6 ***       4.2 ± 0.6 ***       4.0 ± 0.7 ***
   Lack of Confidence in Caretaking (score)     14.3 ± 10.4     13.9 ± 10.1     13.5 ± 10.2     11.8 ± 10.5 ***    12.5 ± 9.3 *
Other covariates
   Smoking during pregnancy 
      No (%)
      Until pregnancy was known (%)
      Continued during pregnancy (%)
    87.9 
      7.8
      4.3
    81.5 ***
      9.9
      9.9 ***
    73.6 ***
      9.5 
    16.9 ***
    57.0 ***
      9.1
    33.9 ***
    67.6 ***
      6.7
    25.7 ***
   Birth weight (grams) 3504 ± 559 3460 ± 545 3394 ± 575 *** 3367 ± 567 *** 3350 ± 541 ***
Confounders
   Gender (% boys)     48.5     49.4    50.3    49.3     49.0
   Infant age (months)       6.6 ± 1.2       6.7 ± 1.4      6.7 ± 1.1      6.6 ± 1.2       6.8 ± 1.5 *
   Infant ethnicity 
      Dutch (%)
      Other Western (%)
      Non-Western (%)
    76.5
    12.2
    11.3
    72.2 *
    10.7
    17.0 ***
   59.4 ***
     8.3 **
   32.3 ***
   54.4 ***
     5.4 ***
   40.1 ***
    17.7 ***
      7.0 *
    75.3 ***
 
Values are means ± standard deviation for continuous variables and percentages for categorical variables. 
* p-value < 0.05, ** < 0.01, *** < 0.001; 
ANOVA for continuous variables, χ2 tests for categorical variables, vs. highest educational level (V). 
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table 2 shows the association between maternal education and infant tempera-
ment scores. Mothers with low education as compared to mothers with high edu-
cation had infants with a more difficult temperament, characterized by higher 
scores on Activity Level, Duration of Orienting, and Fear (p for trend <0.001, 0.003 
and <0.001, respectively). The overall trend of SES inequalities in Distress to Limi-
tations and Recovery from Distress was statistically non-significant (p for trend 
=0.30 and =0.07, respectively), although infants of the lowest educated mothers 
had worse scores than infants of the highest educated mothers on both scales 
(age and ethnicity adjusted differences: 0.172 (95% CI: 0.029, 0.315; p=0.02) and 
-0.175 (95% CI: -0.323, -0.026; p=0.02), respectively). These differences in Distress 
to Limitations and Recovery from Distress scores were no longer statistically sig-
nificant after  adjustment for sociodemographic characteristics, stress, and ma-
ternal psychological well-being (adjusted differences: 0.032 (95% CI: -0.113, 0.178; 
p=0.67) and -0.092 (95% CI: -0.241, 0.057; p=0.23), respectively). Educational differ-
ences in Duration of Orienting scores were also substantially reduced by adjust-
ing, and did not reach significance anymore (p for trend =0.13). The differences in 
Activity Level and Fear scores between infants of the highest and lowest educated 
mothers  decreased only marginally after adjustment for the covariates (adjusted 
diffe rences: 0.213 (95% CI: 0.068, 0.358; p=0.004) and 0.434 (95% CI: 0.289, 0.579; 
p<0.001), respectively). Compared to the other temperament dimensions, the di-
rection of the association between education and Sadness was reversed: infants 
of higher educated mothers had higher Sadness scores than infants of lower edu-
cated mothers (p for trend <0.001). The difference in Sadness scores between in-
fants of the highest and lo west educated mothers was even more marked after full 
adjustment (fully adjusted difference: -0.282 (95% CI: -0.429, -0.135; p<0.001)).  
table 3 presents the fully adjusted relation between different indicators of SES 
with infant temperament scores. Consistent with the results of the analyses with 
maternal education, both low maternal occupational status and low family income 
were associated with a more difficult infant temperament as measured with the 
dimensions Activity Level and Fear (p for trends <0.001). Additionally, infants of 
families with a low income also had significantly lower scores on the Sadness scale 
(p for trend <0.001). Maternal occupational status and family income were not re-
lated to the other temperamental dimensions. Again consistent with the other SES 
indicators, infants of low educated fathers had significantly higher scores on Ac-
tivity Level and Fear as compared to infants of high educated fathers (fully  adjusted 
differences: 0.261 (95% CI: 0.090, 0.432; p=0.003) and 0.273 (95% CI: 0.102, 0.444; 
p=0.002), respectively). In contrast to above two temperament scales, low paternal 
education was also associated with lower scores on Distress to Limitations and 
Sadness (p for trend 0.001 and <0.001, respectively), indicating less temperamental 
problems. Paternal educational level was not related to Duration of Orienting and 
Recovery from Distress (p for trend 0.397 and 0.318, respectively). 
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table 2. level of maternal education and infant temperament, unadjusted and 
fully adjusted 
level of 
maternal 
education
n# activity level
distress to 
limitations
duration of 
orienting sadness fear¶
recovery from 
distress §
age and ethnicity adjusted differences°
V (highest) 1290 0(reference) 0(reference) 0(reference) 0(reference) 0(reference) 0(reference)
IV   970 0.015(0.041) -0.066(0.041) 0.056(0.043) -0.032(0.043) 0.122(0.041)** 0.017(0.042)
III 1146 0.217(0.040)*** -0.006(0.040) 0.138(0.042)** -0.097(0.042)* 0.174(0.040)*** -0.007(0.041)
II   406 0.290(0.056)*** -0.046(0.056) 0.192(0.058)** -0.278(0.058)*** 0.240(0.056)*** -0.049(0.058)
I (lowest)   243 0.380(0.073)*** 0.172(0.073)* 0.018(0.076) -0.155(0.076) 0.570(0.070)*** -0.175(0.076)*
p for trend <0.001 0.296 0.003 <0.001 <0.001 0.073
fully adjusted differences†
V (highest) 1290 0(reference) 0(reference) 0(reference) 0(reference) 0(reference) 0(reference)
IV   970 -0.033(0.040) -0.097(0.040)* 0.039(0.043) -0.053(0.041) 0.093(0.040)* 0.034(0.041)
III 1146 0.100(0.041)* -0.093(0.041)* 0.098(0.043)* -0.162(0.042)*** 0.095(0.041)* 0.050(0.042)
II   406 0.123(0.058)* -0.167(0.058)** 0.135(0.062)* -0.350(0.059)*** 0.136(0.058)* 0.018(0.060)
I (lowest)   243 0.213(0.074)** 0.032(0.074) -0.033(0.078) -0.282(0.075)*** 0.434(0.074)*** -0.092(0.076)
p for trend <0.001 0.101 0.129 <0.001 <0.001 0.863
 
Values are regression coefficients and reflect differences in z-scores (standard error) between a certain 
 educational level and the reference group, i.e. highest educational level (V). 
# Gives number of infants per educational level that were included in the analyses of at least one temperament 
scale (maximum 10.7% less subjects per educational level). 
¶ Fear was log transformed.  
§ In contrast to all other scales, higher scores on Recovery from Distress indicate less temperamental problems. 
* Indicates a significant difference from the reference group, p-value < 0.05, ** p-value < 0.01, *** p-value < 
0.001.
° Adjusted for infant age and infant ethnicity.  
† Adjusted for sociodemographic characteristics (maternal age, marital status), family stress (Long Lasting 
Difficulties, Family Assessment Device) and maternal psychological well-being (prenatal and postpartum psy-
chopathology, Rosenberg Self-Esteem Scale, Lack of Confidence in Caretaking).
To illustrate the explanatory effect of several variables on socioeconomic diffe-
rences in temperament, stepwise covariate adjustment for two selected tempera-
ment dimensions is presented in table 4. The explanatory effect of the covari-
ates on these two dimensions are prototypical. Sociodemographic characteristics 
 accounted for 35% ((0.172 – 0.111) / 0.172) of the difference in Distress to Limitations 
scores between infants of the highest and lowest educated mothers. In contrast, 
family stress and maternal psychological well-being explained a larger part of the 
score differences between infants of the highest and lowest educated mothers, 52% 
and 53%, respectively. The percentages add up to more than 100% due to overlap 
between different explanatory variables. The explanatory models of Activity Level 
scores followed a different pattern: family stress and maternal psychological well-
being accounted for only 18% and 22%, respectively, while sociodemographic varia-
bles explained 28% of the differences between infants of the highest and lowest 
educated mothers. 
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table 3. indicators of socioeconomic status and infant temperament 
(all fully adjusted†)
n# activity level
distress to  
limitations
duration  
of orienting sadness fear¶
recovery from 
distress§
level of paternal education
V (highest) 1076   0 (reference)  0 (reference)  0 (reference)   0 (reference)   0 (reference)  0 (reference)
IV   626   0.058 (0.048) -0.106 (0.048) *  0.009 (0.050)  -0.102 (0.049) *  -0.013 (0.048) -0.016 (0.049)
III   729   0.075 (0.047) -0.179 (0.048) *** 0.083 (0.050)  -0.178 (0.048) ***   0.044 (0.048)  0.112 (0.048) *
II   329   0.207 (0.062) ** -0.204 (0.063) **  0.026 (0.066)  -0.195 (0.063) **   0.147 (0.063) *  0.130 (0.041) *
I (lowest)   155   0.261 (0.087) ** -0.062 (0.086)  0.016 (0.090)  -0.187 (0.088) *   0.273 (0.087) ** -0.156 (0.088) 
p for trend <0.001  0.001  0.397 <0.001   0.001  0.318
maternal occupational status
V (highest)   242   0 (reference)  0 (reference)  0 (reference)   0 (reference)   0 (reference)  0 (reference)
IV   870  -0.004 (0.069)  0.048 (0.070) -0.018 (0.073)   0.008 (0.070)   0.006 (0.070) -0.076 (0.070)
III   991   0.021 (0.068) -0.092 (0.069)  0.042 (0.072)  -0.038 (0.070)   0.090 (0.069) -0.031 (0.070) 
II   838   0.152 (0.071) * -0.071 (0.072)  0.076 (0.075)  -0.092 (0.073)   0.158 (0.072) * -0.068 (0.073) 
I (lowest)   136   0.406 (0.107) *** 0.148 (0.108)  0.025 (0.114)  -0.039 (0.118)   0.326 (0.108) ** -0.154 (0.109) 
p for trend <0.001  0.252  0.130   0.091 <0.001  0.305
family income
>2000 € 2738   0 (reference)   0 (reference)  0 (reference)   0 (reference)   0 (reference)   0 (reference)
1200-2000 €   598   0.183 (0.046) **   0.020 (0.047)  0.024 (0.049)  -0.079 (0.048)   0.149 (0.047) **  -0.048 (0.048) 
<1200 €   480   0.188 (0.062) **   0.063 (0.063) -0.021 (0.066)  -0.269 (0.064) ***   0.237 (0.063) ***  -0.051 (0.065) 
p for trend <0.001   0.329  0.920 <0.001 <0.001   0.321
Values are regression coefficients and reflect differences in z-scores (standard error) between a certain SES 
category and the reference group. 
# Gives number of infants per SES category that were included in the analyses of at least one temperament 
scale (maximum 10% less subjects per SES level). 
¶ Fear was log transformed. 
§ In contrast to all other scales, higher scores on Recovery from Distress indicate less temperamental 
problems.
† Adjusted for infant age and ethnicity, sociodemographic characteristics (maternal age, marital status), family 
stress (Long Lasting Difficulties, Family Assessment Device) and maternal psychological well-being (prenatal 
and postpartum psychopathology, Rosenberg Self-Esteem Scale, Lack of Confidence in Caretaking).
* Indicates a significant difference from the reference group, p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.
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table 4. effect of adjusting for explanatory variables on the association between 
maternal educational level and two selected ibq-r subscales
level of 
maternal 
education n
basic model (bm): 
adjusted for 
infant age and 
ethnicity
bm additionally 
adjusted
for socio-demo-
graphic
characteristics
bm additionally 
adjusted
for  
familystress
bm additionally 
adjusted
for  
psychological
well-being
fully adjusted
model
activity level
V  (highest) 1250 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)
IV 947 0.015 (0.041) -0.023 (0.041) -0.004 (0.041) 0.001 (0.040) -0.033 (0.040)
III 1116 0.217 (0.040)*** 0.123 (0.041)** 0.167 (0.040)*** 0.179 (0.040)*** 0.100 (0.041)*
II 397 0.290 (0.056)*** 0.147 (0.058)* 0.236 (0.056)*** 0.240 (0.056)*** 0.123 (0.058)*
I  (lowest) 221 0.380 (0.073)*** 0.272 (0.074)*** 0.312 (0.074)*** 0.297 (0.073)*** 0.213 (0.074)**
p for trend <0.001 <0.001 <0.001 <0.001 <0.001
distress to limitations
V  (highest) 1249 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)
IV 945 -0.066 (0.041) -0.084 (0.041)* -0.088 (0.041)* -0.079 (0.040) -0.097 (0.040)*
III 1119 -0.006 (0.040) -0.053 (0.041) -0.070 (0.040) -0.049 (0.040) -0.093 (0.041)*
II 396 -0.046 (0.056) -0.123 (0.058)* -0.122 (0.056)* -0.105 (0.056) -0.167 (0.058)**
I  (lowest) 227 0.172 (0.073)* 0.111 (0.074) 0.083 (0.073) 0.081 (0.073) 0.032 (0.074)
p for trend 0.296 0.706 0.400 0.582 0.101
Values are regression coefficients and reflect differences in z-scores (standard error) between a certain educa-
tional level and the reference group, i.e. highest education. 
* Indicates a significant difference from the reference group, p-value < 0.05, ** p-value < 0.01, *** p-value < 
0.001.
Sociodemographic characteristics: maternal age, marital status. 
Family stress: Long Lasting Difficulties, Family Assessment Device.
Psychological well-being: prenatal and postpartum psychopathology, Rosenberg Self-Esteem Scale, Lack of 
Confidence in Caretaking.
Fully adjusted model: BM additionally adjusted for sociodemographic characteristics, family stress and mater-
nal psychological well-being.
DISCUSSION
This population-based study showed that a lower socioeconomic status, as mea-
sured by various indicators, is associated with a more difficult temperament in 
six months old infants. The effect of SES on several dimensions of infant tem-
perament could partially be explained by sociodemographic characteristics, family 
stress, and maternal psychological well-being.  
A few studies have examined the association between SES and infant tempera-
ment in the past. Only Sameroff et al.28 described, just like the present study, an 
unambiguous socioeconomic gradient across various temperament dimensions. 
Other researchers reported no association25 or only exceptionally found a socio-
economic gradient and thus considered this as a chance finding26 27. The discre-
pancy between these earlier findings and our results may be explained by the use 
of different temperament measures. The previous studies assessed temperament 
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according to nine dimensions as postulated by Thomas and Chess46, which sub-
stantially differ from the more recent IBQ-R scales with regard to composition and 
psychometric properties47. Furthermore, limited statistical power of the previous 
studies due to smaller sample sizes –between 96 and 772 infants– may also explain 
the incon sistent findings.25-27
The results of the current study are, however, in line with reports of higher rates 
of problem behaviour and a higher prevalence of psychopathology in children of 
lower SES families as compared to those from a higher socioeconomic class.1-11 
Studies distinguishing between internalizing and externalizing behavioural pro-
blems reported a socioeconomic gradient for both dimensions. However, the SES 
gradient seems to be most substantial for externalizing problems.2-4 The present 
study did not assess externalizing behaviour, though, research has indicated that 
temperamental difficulties in Activity Level, Distress to Limitations, and Recovery 
from Distress are predictive of later externalizing problems.16 17 20 We reported that 
the SES inequalities in two out of these three temperament scales were explained 
by maternal psychological well-being and family stress. This result is interesting 
against the background of, for instance, evidence by Campbell48 that both mater-
nal depression and the experience of life-events are associated with externalizing 
problems. Apparently, adverse familial circumstances are already influential early 
in life, causing relatively high levels of distress in infants of lower SES families pos-
sibly predisposing to externalizing behavioural disorders.  
Research indicates that young children with relatively high scores on Fear and 
Duration of Orienting are more likely to develop internalizing behavioural diffi-
culties in later life.16 17 21 Other studies have reported that the socioeconomic gra-
dient is present in internalizing behavioural problems, even though this gradient 
is somewhat less substantial than for externalizing problems.2-4 Although it was 
not the objective of our study to compare the different temperament dimensions, 
it is noteworthy that we observed the strongest association between SES and in-
fant temperament in the Fear dimension and not in the temperamental scales 
encompassed in the concept of externalizing behaviour. We carefully speculate that 
 several explanations for this finding, which is seemingly in contrast to observations 
made by other study groups, are conceivable. Possibly, fear traits are already more 
prevalent early in life than externalizing features.49 Alternatively, the discrepancy 
may also result from differences in psychometric properties, which were excel-
lent for the Fear dimension in comparison with other IBQ-R scales, that are very 
good to moderate (e.g. Sadness).36 However, as temperament and behaviour remain 
diffe rent constructs, caution is needed in generalizing the results from the present 
study.
The Sadness dimension of the IBQ-R was introduced only recently.36 Conse-
quently, there are no studies of the relation between Sadness and later behavioural 
pro blems. Studies of infant temperament using different temperament measures 
found no association between SES and infants’ mood, with the exception of one 
study.25-28 In contrast to our observations, Sameroff et al.28 reported a more negative 
mood, instead of a more positive mood, among infants of lower SES families as 
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compared to those from a higher socioeconomic class. Possibly, our observations 
are a chance finding. On the other hand, it is well known that symptoms of depres-
sion are not easily recognized in young children.50 Finally, the association may also 
reflect the poor validity of the IBQ-R Sadness scale. Items like “Did your baby seem 
sad when the caregiver was gone for an unusually long period of time?“ may be 
prone to subjective judgement. This notion is further supported by the low inter-
rater agreement for Sadness as compared to other IBQ-R scales.36 
In contrast to other scales, the SES gradient in Activity Level and Fear were not 
explained in the present study. Several explanations are conceivable. Firstly, we 
were able to account for selected explanatory mechanisms only. Factors like nutri-
tion and sleeping patterns could also explain part of the SES inequalities in tem-
perament. A second explanation for the strong relation between SES and  Activity 
Level and Fear scores may be embedded in the presumed constitutional basis of 
temperament. Estimates of heritability suggest that genetic differences among 
 individuals account for approximately 20 to 60% of the variability in temperament 
within a population.17 Therefore, it seems plausible that environmental factors and 
proxies for heritability, such as maternal psychological well-being, cannot explain 
all temperamental variation between SES groups. Genetic factors could explain the 
observed SES inequalities if gene variations are associated with temperament and 
are differentially distributed across SES groups. This is not implausible considering 
mechanisms of social differentiation;9 51 several temperament and personality char-
acteristics, such as extraversion and conscientiousness, are related to educational 
attainment and career success. Most likely, genetic variations underlying these 
characteristics are more prevalent among certain SES levels. 
The present study examined the association between multiple indicators of SES 
and infant temperament, rather than a single indicator or composite indices of 
SES. Of the different SES measures, maternal occupational status seemed to have 
the least consistent relation with infant temperament. Apparently, having children 
diminishes the variation in maternal occupational status, making it a less good 
measure of SES. The effects of paternal education on Distress to Limitations and 
Recovery from Distress were less concordant with the results of other SES indica-
tors. Not unlikely this reflects selection effects, as information on paternal educa-
tion was available for much less participants. Overall, the different indicators of 
SES yielded the same results suggesting that maternal and paternal education, ma-
ternal occupational status, and family income represent approximately the same 
construct of SES inequality in The Netherlands.
strengths and limitations
The strengths of the present study are the large number of participating infants 
and mothers, its population based design, and the information on numerous po-
tential explanatory factors. However, our research has several limitations. Firstly, 
our non-response analyses indicated that data on infant temperament were more 
complete in infants of higher educated, non-single, and older mothers of Dutch 
ethnicity. This selective attrition resulted in an under-representation of infants 
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of the most disadvantaged groups, who are at increased risk for temperamental 
problems.17 This could have affected our results if the relation between SES and 
infant temperament differed between responding and non-responding families. 
 Secondly, infant temperament was assessed using an adapted version of the IBQ-R. 
A major modification was the reduction of the answering categories to a three-
point scale. This adaptation may have decreased power to detect statistically signi-
ficant SES differences in temperament scores. Finally, the objectivity of a  maternal 
report of infant temperament is discussed.52-54 A maternal report of infant beha-
viour may reflect infant as well as maternal characteristics.53 However, the IBQ-R 
was designed to reduce the influence of maternal bias by inquiring about concrete 
infant behaviours rather than asking mothers to make abstract judgements.36 
Moreover, maternal perceptions of infant behaviour tend to be predictive of later 
child characteristics.55 56
CONCLUSION
In conclusion, socioeconomic inequalities in temperament were identified early, 
in infants only six months of age. These inequalities in infant temperament are 
likely precursors of the socioeconomic gradient in behaviour in later life. Tackling 
SES inequalities in mental health should thus start with early interventions. As 
some of the factors that explained a more difficult temperament of infants in low 
SES families, like single motherhood, family stress, and maternal psychopatho-
logy, are either preventable or amendable, these could be targets of intervention 
strategies. 
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ABSTRACT
In many societies the prevalence of behavioural problems in school-aged children 
varies by national origin. We examined the association between national origin and 
behavioural problems in 1½-year-old children. Data on maternal national origin 
and the Child Behavior Checklist for toddlers (n=4943) from a population-based co-
hort in the Netherlands were used. Children from various non-Dutch backgrounds 
all had significantly higher mean behavioural problem scores (e.g. 18.4 in Dutch 
vs. 28.1 in Antillean children, difference=9.7, p<0.001). After adjustment for family 
risk factors, e.g. family income, the differences attenuated, but remained statisti-
cally significant. Non-Dutch mothers with immigration risk factors, such as older 
age at migration or not having good Dutch language skills, reported significantly 
more behavioural problems in their offspring. In conclusion, the present study 
indicated more behavioural problems in immigrant toddlers from various back-
grounds. Researchers and policymakers aiming to tackle disparities in behavioural 
problems should take into account that risks associated with national origin are 
intertwined with unfavourable family and immigration characteristics. 
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INTRODUCTION
During the past decades, the number of non-Western individuals moving to Wes-
tern countries has increased rapidly due to economical factors and political con-
flicts in other parts of the world. Whereas a large group came as immigrants, 
another group entered European countries as migrant workers of whom many 
later decided to stay and thereby became immigrants. Immigrants of diverse eth-
nic backgrounds living in Europe have been reported to be at high risk for mental 
health problems, such as depression, anxiety disorders, and schizophrenia.1 The 
risk is seen among immigrants originating from non-Western countries, and to a 
lesser extent in those migrating within Europe. Research on this topic in school-
aged children and adolescents, however, provided mixed results. Studies indicated 
that immigrant children of diverse national backgrounds tend to exhibit more be-
havioural problems than non-immigrants as measured with behaviour checklists 
completed by parents.2-6 Conversely, other studies in Western countries showed 
similar levels of problem behaviour in immigrant and native children,7 8 and it 
has even been found that immigrants report lower rates of behavioural problems 
in their offspring than parents of native children.9 10 In general, many of the stu-
dies of behavioural problems among immigrant children were hampered by small 
sample sizes.3 5 8 10 Moreover, the restriction to immigrants originating from one 
country only and the study of immigrants of different backgrounds as one group 
limits generalizability.2 5 6 8-10 Finally, previous studies often controlled marginally 
for confounders,2-5 9 while these factor possibly elucidate the association between 
immigrant status and mental health.  
Well known risk factors of child behavioural problems,11 12 such as low socio-
economic position, single parenthood, and parental psychopathology, possibly 
explain the elevated levels of behavioural problems among immigrant children. 
For instance, many immigrants end up in the lower socioeconomic strata of a host 
country and experience financial problems, largely due to language difficulties or 
lack of adequate education.13 Generally, studies on parent reported behavioural 
problems among immigrant children control for socioeconomic status, but other 
family risk factors are rarely accounted for. Hence, their role in the association be-
tween national origin and behavioural problems remains unknown. Alternatively, 
the increased risk of mental health problems among first-generation adult and ado-
lescent immigrants has been ascribed to characteristics of the immigration process. 
Immigration causes stress due to loss of the familiar environment and adaptation 
to a new situation.13 14 Moreover, immigrants may find it hard to identify with the 
host culture and may experience rejection by the mainstream society. For instance, 
a study among Moroccan adolescents in the Netherlands indicated that perceived 
discrimination predicted externalizing behavioural problems.15 However, it is 
largely unknown how characteristics of the immigration process as experienced 
by immigrant parents affect behaviour in the offspring. Intergenerational effects of 
parental immigration characteristics may be involved; a study among Asian immi-
grants, for instance, indicated that the refugee process of parents was strongly re-
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lated to violent behaviour in their children.16 So, both immigration characteristics 
and family risk factors should be taken into account to disentangle the underlying 
mechanisms in the association between national origin and behavioural problems 
in children. Furthermore, it is important to study immigrants originating from dif-
ferent countries. Finally, the association between national origin and behavioural 
problems has, to our knowledge, not been examined in preschool children, while 
growing evidence suggests that behavioural problems early in life tend to persist 
into later ages and predict adverse outcomes during childhood.17 
We examined the association between maternal national origin and behavioural 
problems in toddlers of 1½ year old in a large, multi-ethnic cohort study. While the 
importance of ethnic minority as a risk factor for problem behaviour in children 
is well-recognized, research that may elucidate the mechanisms underlying the 
poor mental health among immigrant children is needed. Without insight into 
these mechanisms prevention is hardly possible and treatment may be less effec-
tive. Therefore, we also investigated whether family risk factors can explain the 
relation between national origin and behavioural problems. Moreover, we explored 
the association of maternal immigration characteristics, e.g. generational status, 
Dutch language skills, and feelings of acceptance by Dutch natives, with child be-
haviour. Based on the literature among immigrant children from former colonies6 
and among adolescent immigrants2 4 living in the Netherlands, we hypo thesize that 
toddlers of non-Western origin have more behavioural problems than Dutch tod-
dlers. We assume that part of these behavioural problems is due to family risk fac-
tors and adverse maternal immigration characteristics, such as lack of good Dutch 
language skills and not feeling at home in the Netherlands. We also hypothesize 
that toddlers of non-Dutch European descent display the same level of behavioural 
problems as Dutch toddlers, because immigration within Europe probably requires 
less adaptability and causes less stress than intercontinental immigration. More-
over, we assume that the socioeconomic status of non-Dutch European and Dutch 
families is relatively similar. 
METHODS
design
This study was embedded in Generation R, a population-based cohort from fetal 
life onwards.18 Briefly, all pregnant women living in Rotterdam, the Netherlands, 
with an expected delivery date between April 2002 and January 2006 were invi-
ted to participate. The participation rate was estimated at 61% (based on cohort 
years 2003 and 2004: of the 8494 live births in the study area, 5189 participated). 
Written informed consent was obtained from all participants. The Medical Ethical 
Committee of the Erasmus Medical Centre, Rotterdam, has approved the study. 
Questionnaires were available in three languages, e.g. the behaviour checklist 
was filled out in Dutch (n=4813), in English (n=14), and in Turkish (n=116). For 
those not able to read these languages, research assistants helped filling out the 
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questionnaires. We contracted English, French, Arabic or Berber (Moroccan), Por-
tuguese (Cape Verdian), and Turkish speaking research assistants to communicate 
with the participants. 
population for analysis
Full consent for the postnatal phase of the Generation R Study was obtained from 
7295 children and their mothers. Those without information on maternal natio-
nal origin (n=603) and child behaviour at 18 months (n=1719) were excluded. The 
 response rate for the behaviour questionnaire was 74% (4973 / 6692). Due to small 
numbers, 30 mothers of different national origins were additionally excluded (i.e. 
USA n=11, Australia n=3, Japan n=3, and other n=13), yielding a sample size of 
4943 mother-child dyads for the present study. The analyses of immigration cha-
racteristics were restricted to the non-Dutch groups (n=1753). In these analyses 
the study population varies slightly due to missing data on the individual items. 
national origin
Maternal national origin was based on country of birth of the mothers’ parents, 
which was assessed by questionnaire during pregnancy. In accordance with Statis-
tics Netherlands,19 we classified a mother as non-Dutch if one of her parents was 
born abroad. If both parents were born abroad, the country of birth of the moth-
ers’ mother decided on maternal national origin. Among non-Dutch mothers in 
this study, we identified persons of European (n=406) and non-Western (n=1347) 
origins. The non-Western group consisted of: Cape Verdian (n=110), Dutch Antil-
lean (n=84), Indonesian (n=190), Moroccan (n=164), Surinamese (n=278), Turkish 
(n=301), and Other non-Western (n=220). A large number of immigrants are from 
former Dutch colonies, i.e. Dutch Antilles, Indonesia, and Suriname. Others, from 
Cape Verdian, Morocco, and Turkey have an immigration history starting in the 
1960s when ‘guest workers’ came to the Netherlands. More recently, immigration 
occurred mostly for marital reasons. 
behavioural problems 
At the age of 1½ year, child behaviour was assessed using the Dutch version of the 
Child Behavior Checklist for toddlers (CBCL/1½ -5). The CBCL/1½ -5 is a 99-item 
questionnaire designed to obtain ratings of behaviour and emotional problems by 
parents of 1½- to 5-year-old children.20 Parents are asked to rate the occurrence of 
their child’s behaviour within the past two months on a scale from 0 (not true) to 
2 (often true). In 95% of the children, the CBCL/1½ -5 was filled out by the mother. 
The CBCL/1½ -5 includes a Total problems score, which is the sum of all items, and 
two broadband scales. The Internalizing scale (36 items) comprises problems such 
as anxiety, sadness and withdrawn behaviour. The Externalizing scale (24 items) 
involves attention problems and aggressive behaviour. Higher scores on the CBCL 
scales indicate more behavioural problems. In this study, mean scores and dif-
ferences in mean scores are presented. To give an indication of clinical relevance, 
we also present the percentage of children with a score in the borderline/clinical 
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range in table 2. The cut off point for this score is based on the 83rd percentile of 
a Dutch norm group.21  
Good reliability and validity have been reported for the English and Dutch 
CBCL/1½ -5.20 21 More specifically, the construct validity of the CBCL/1½ -5 problem 
scales was supported by concurrent and predictive associations with a variety of 
other measures, such as other parental reports for toddlers’ behaviour, referral to 
mental health facilities, later behavioural problems, and psychiatric diagnoses us-
ing the Diagnostic and Statistical Manual.17 20 The cross-cultural validation has not 
yet been ascertained, but CBCL versions for other age ranges showed high cross-
cultural validity.22 To check the validity of the factor structure within the different 
national origins of our study population, we calculated Cronbach’s alphas for the 
Internalizing and Externalizing CBCL/1½ -5 scales. The alphas are presented in 
table 1 and range between 0.75 (Dutch, Externalizing problems) and 0.89 (other 
non-Western, Internalizing problems), indicating acceptable to high internal con-
sistencies.
table 1. internal consistencies of cbcl scales per national origin
cronbach’s alphas
maternal national origin       n internalizing problems externalizing problems
Dutch
European
All Non-Western
Non-Western subgroups: 
  Antillean 
  Cape Verdian 
  Indonesian
  Moroccan 
  Surinamese
  Turkish 
  Other Non-Western
3190
  406
1347
    84
  110
  190
  164
  278
  301
  220
0.763
0.778
0.856
0.856
0.858
0.862
0.841
0.833
0.807
0.894
0.751
0.787
0.818
0.771
0.756
0.770
0.850
0.817
0.816
0.845
immigration characteristics
The immigration characteristics were assessed during pregnancy. Generational 
status of mothers with a non-Dutch national origin was based on their own coun-
try of birth: foreign-born mothers were classified as ‘first generation’, and mothers 
born in the Netherlands, while having non-native parents, were classified as ‘se-
cond generation’. Of the first generation mothers, age at immigration to the Neth-
erlands was dichotomized into ‘0 -15 years old’ (42%) and ‘≥16 years old’ (58%). For 
those in the first category it was mandatory to attend school in the Netherlands, 
whereas those immigrating at age 16 or older were not obliged to attend school 
anymore. Mothers were asked to rate their Dutch speaking, reading and writing 
skills on three separate 5-point scales ranging from ‘not at all’ (1) to ‘good’ (5). This 
information was summed into general ‘Dutch language skills’ (1-9, not good; 10-
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14, reasonable; 15, good). Cultural identity was assessed with the item “Feels part 
of…” (Dutch culture; own national culture; both cultures; neither of the cultures) 
and feelings of acceptance were assessed with the item “Feels accepted by Dutch 
natives” (agree; neither agree, nor disagree; disagree). Items were based on ques-
tions in an international study on acculturating youth (ICSEY).23
covariates
Family risk factors were regarded as possible explanatory variables in the associa-
tion between national origin and child behavioural problems. Family risk factors 
were assessed by questionnaire during pregnancy. The family risk factors included 
maternal age, marital status (married/cohabiting, single) and smoking habits du-
ring pregnancy (yes, no). Maternal psychopathology was assessed using the Brief 
Symptom Inventory,24 a validated self-report questionnaire which consists of 53 
positive and negative self-appraisal statements. The internal consistency for the 
Global Severity Index, the overall score of the BSI, in this sample was α=0.96, which 
indicates high construct reliability. Furthermore, maternal educational level was 
defined by the highest attained educational level and classified into 3 categories ac-
cording to the definition of Statistics Netherlands 25: low (primary school, lower vo-
cational training, intermediate general school, 3 years general secondary school), 
mediate (>3 years general secondary school; intermediate vocational training; 
1st year higher vocational training), and high (higher vocational training, Bach-
elor’s degree, higher academic education and PhD). Family income, defined by 
the total net month income of the household, was categorized as ‘<1200 €’ (below 
social security level), ‘1200-2000 €’ and ‘>2000 €’ (more than modal income). We 
defined parity as the number of life births the mothers delivered before the birth 
of the participating child (0, ≥1).
We also adjusted the analyses for gender, birth weight, gestational age at birth 
and age of the children. Although these covariates are probably not on the causal 
pathway between national origin and child behaviour, they might confound the as-
sociations. Information on these covariates was obtained from the medical records 
completed by community midwives and obstetricians. 
statistical analyses
All statistical analyses were performed using the Statistical Package of Social 
 Sciences version 11.0 for Windows (SPSS Inc, Chicago, IL, USA). We studied the 
association between national origin (Dutch, European and non-Western) and sev-
eral child and maternal characteristics with χ2-tests, ANOVA’s, or Kruskal-Wallis 
tests. The tests were chosen depending on the nature of the variables (see footnote 
 table 2). Next, analyses of variance were used to calculate unadjusted mean be-
havioural problem scores per national origin and to detect differences between 
each national origin and the Dutch reference group. Subsequently, using multi-
variate linear regression analyses, we studied the association between national 
origin and CBCL scores adjusted for family risk factors. Since gestational age at 
birth and child age did not meaningfully change the effect estimates of the as-
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sociation between national origin and behavioural problems (i.e. <5% change in 
estimates), these covariates were not included in the models.26 For each variable in 
the full model, the R2 is displayed to indicate the proportion of variability of the 
behavioural problem score that is accounted for by this variable. The R2 of a vari-
able was calculated by repeating the regression analyses excluding that specific 
variable: R2 model including all variables – R2 of model excluding a specific vari-
able. Next, we examined the association between maternal immigration charac-
teristics and behavioural problems in the non-Dutch population. Due to relatively 
small numbers in some strata of national origin, we combined all mother-child 
dyads of non-Western origin. In both the European and non-Western groups, we 
performed univariate analyses of variance to calculate the mean behavioural prob-
lem scores per category of the immigration characteristics. We also report the R2 
of each immigration characteristic as gene rated by the ANOVA’s. Based on the 
univariate associations between the immigration characteristics and behavioural 
problem scores, the following categories of the immigration characteristics were 
labelled as ‘risk’: first generation immigrant, ≥16 years at immigration, no good 
or reasonable Dutch language skills, feeling part of only own national culture or 
feeling part of neither Dutch nor own national culture, and disagreeing or neither 
agreeing nor disagreeing with the statement ‘feels accepted by Dutch natives’. A 
risk index was calculated by summing the amount of risk immigration charac-
teristics per participant, which generated an index ranging from 0 (no risk) to 5 
(highest risk on immigration characteristics). Finally, both in the European and 
non-Western groups, the association between the immigration risk index and be-
havioural problems was assessed using linear regression analyses with the Dutch 
as reference. The analyses were performed with and without adjusting for the 
family risk factors. Missing values of covariates were replaced by the median (cat-
egorical or non-normally distributed continuous variables) or the mean (normally 
distributed continuous variables). 
non-response analyses
Within the Dutch subgroup, mothers with missing data on their children’s be-
haviour at 18 months (n=629) were compared with mothers who filled out the 
CBCL/1½ - 5 (n=3190). Data on behaviour was more often missing in mothers who 
were lower educated (χ2=187; df=2, p<0.001), single parent (χ2=38; df=1; p<0.001), 
and younger (F-test=94; df=1; p<0.001) as compared to mothers who filled out the 
behaviour questionnaire. Similarly, Surinamese mothers with missing data on the 
CBCL (n=276) were also more often lower educated (χ2=42; df=2, p<0.001), single 
parent (χ2=16; df=1; p<0.001), and younger (F-test=480; df=1; p<0.001) than mothers 
of Surinamese descent who filled out the questionnaire (n=278). The non-response 
analyses in the other national origins resulted in the same pattern: non-responders 
were more often lower educated, single parent, and younger than mothers who 
filled out the behavioural questionnaires. 
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table 2. characteristics of mothers and their children by maternal national origin
n dutch  (n=3190)
other european 
(n=406)
non-westerna 
(n=1347)
Child characteristics
Gender (% boys) 4892 49.9 47.4 49.6
Age (months) 4936 18.4 (1.1) 18.4 (1.1) 18.6 (1.2) ***
Gestational age at birth (weeks) 4942 40.0 (26.7–43.4) 40.0 (29.6–43.0) 39.9 (27.1–43.4) ***
Birth weight (grams) 4888 3511 (551) 3474 (537) 3336 (545) ***
Children with CBCL borderline/clinical score: 
Total problems (%) 
Internalizing problems (%)             
Externalizing problems (%)
4943
4943
4943
4.5
11.1
5.3
11.8 ***
20.9 *** 
8.6 **
18.9 ***
31.9 ***
10.4 ***
Maternal characteristics
Educational level: high (%)
 mediate (%)
 low (%)
2747
1350
769
65.8
24.3
9.9
67.0
24.6
8.4
33.6 ***
35.3 ***
31.0 ***
Family income: >2000 €
 1200-2000 €
 <1200 €
3800
660
483
86.3
10.3
3.4
78.1 ***
14.8 ***
7.1 ***
54.1 ***
20.1 ***
25.8 ***
Marital status (% single) 4846 5.4 6.0 18.1 ***
Age (years) 4943 32.1 (4.0) 31.6 (4.4) * 29.4 (5.6) ***
Parity (% nulli) 4783 60.3 61.0 54.8 **
Psychopathology symptoms (score) 3965 0.12 (0.00–2.63) 0.17 (0.00–2.25) *** 0.22 (0.00–2.86) ***
Smoking during pregnancy (% yes) 4160 22.4 23.5 24.7 
Immigration characteristics of mothers
Generational status
 Second generation (%)
 First generation (%)
650
1100
38.3
61.7
36.8
63.2
Age at immigration of first generation immigrantsb
 0 - 15 years old (%)
 ≥ 16 years old (%)
381
573
10.3
49.7
28.0 ***
31.3 ***
Dutch language skills
 Good (%)
 Reasonable (%)
 Not good (%) 
814
478
309
49.7
30.0
20.3
51.2
29.8
19.0
Cultural identity
“Feels part of …”   
 Dutch culture (%)
 Dutch and own national culture (%)
 Own national culture (%)
 Neither Dutch nor own national culture (%)
306
582
415
55
26.5
44.9
26.5
2.1
21.2 *
42.2 *
31.9 *
4.7 *
Feelings of acceptance
“Feels accepted by Dutch natives”
 Agree (%)
 Neither agree, nor disagree (%)
 Disagree (%)
740
354
160
74.4
18.9
6.7
54.2 ***
31.1 ***
14.6 ***
 
Values are percentages for categorical variables, means (standard deviation) for continuous normally distrib-
uted variables, and medians (100% range) for continuous non-normally distributed variables.
* p-value <0.05, ** <0.01, *** <0.001; p-values indicate statistical significant difference from Dutch group 
(maternal and child characteristics) or from Other European group (immigration characteristics) calculated by 
a 2 x 2 χ2-test for categorical variables, a 2 group ANOVA for continuous normally distributed variables, or a 
2 group Kruskal-Wallis test for continuous non-normally distributed variables. Comparisons for variables with 
more than two categories were also performed with separated 2 x 2 χ2-tests using the lowest risk category 
(e.g. high educational level or feeling part of Dutch culture) as the reference for all other categories in order to 
obtain specific p-values per category. European or non-Western participants are compared to Dutch persons in 
separated analyses.  a Included: Cape Verdian (n=110), Dutch Antillean (n=84), Indonesian (n=190), Moroccan 
(n=164), Surinamese (n=278), Turkish (n=301), and Other non-Western (n=220). b Only first generation im-
migrants included, as second generation immigrants were born in The Netherlands.
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RESULTS
Characteristics of the mother-child dyads are presented in table 2. Both children 
of non-Dutch European (χ2=39, df=1, p<0.001) and of non-Western descent (χ2=249, 
df=1, p<0.001) were more likely to have a borderline / clinical Total Problems score 
than children with a Dutch background. Non-Western mothers were more often 
low educated (χ2=448, df=1, p<0.001) and single (χ2=182, df=1, p<0.001) as com-
pared to their Dutch counterparts. In comparison to Dutch mothers, European 
(χ2=38, df=1, p<0.001) and non-Western mothers (χ2=280, df=1, p<0.001) reported 
more psychopathological symptoms. 74.4% of the European and 54.2% of the non-
Western mothers felt accepted by the native Dutch. Other European and non-Wes-
tern mothers did not differ with regard to generational status and Dutch language 
skills.  
The mean scores on the CBCL scales per national origin are presented in table 3. 
Compared to children of Dutch mothers, children of mothers from various non-
Dutch backgrounds all had higher mean scores on the Total problems scale, indi-
cating more behavioural problems. Particularly high behavioural problem scores 
were found in children of Cape Verdian and Turkish background (mean=32.4, 95% 
CI: 29.1–35.9; mean=30.9, 95% CI: 28.9–32.9, respectively). 
table 3. mean scores on cbcl total problems and the cbcl broadband scales by 
maternal national origin (n=4943)
mean scores
maternal  
national origin    n total problems
internalizing 
problems
externalizing 
problems
Western
  Dutch
  European
Non-Western
  Antillean 
  Cape Verdian 
  Indonesian
  Moroccan 
  Surinamese
  Turkish 
  Other Non-Western
3190
  406
  
    84
  110
  190
  164
  278
  301
  220
18.4 (2.3) 
22.5 (2.9) ***
28.1 (3.7) ***
32.5 (2.9) ***
21.5 (2.5) **
24.3 (4.4) ***
23.5 (3.0) ***
31.0 (3.2) ***
28.3 (4.5) ***
3.3 (0.9)
4.5 (1.1) ***
5.7 (1.3) ***
6.8 (1.1) ***
3.7 (1.0) 
5.8 (1.7) ***
4.3 (1.2) ***
7.8 (1.4) ***
6.2 (1.6) *** 
  8.8 (1.2)
10.0 (1.3) **
11.7 (1.6) ***
13.5 (1.2) ***
  9.9 (1.3) *
  8.4 (1.5) 
10.2 (1.4) **
11.0 (1.3) ***
10.9 (1.2) ***
All Non-Westerna 1347 26.7 (3.4) *** 5.7 (1.2) *** 10.6 (1.4) ***
Values are mean scores (standard deviations). 
* p-value <0.05, ** <0.01, *** <0.001 for difference in mean score between a certain national origin and Dutch 
national origin.
a  Analyses on national origin and CBCL scores repeated by including Antillean, Cape Verdian, Indonesian, Mo-
roccan, Surinamese, Turkish, and Other Non-Western as one group (‘all non-Western’) in the analyses.
table 4 shows the association between maternal national origin and CBCL scores 
adjusted for family risk factors. The difference in mean score between Dutch and 
non-Dutch origins attenuated by adjustment for possible explanatory variables, 
but remained significant in all non-Dutch groups. For example, the difference in 
mean CBCL Total problem score between Dutch and Cape Verdian origin decreased 
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from 14.1 (mean Cape Verdian (32.5) - mean Dutch (18.4), p<0.001) to 8.92 (p<0.001) 
after adjustment for explanatory variables. Maternal psychopathology accounted 
for a large change in difference in mean Total problem score between children 
of Dutch and non-Dutch origins. The decrease in differences between Dutch and 
non-Dutch origins after adjustment for solely maternal psychopathology ranged 
from 14% (Antillean) to 33% (Moroccans) in the different non-Dutch groups. Mari-
tal status was an important explanatory variable in the Antillean (22% decrease in 
behavioural problems), Cape Verdian (17%) and Surinamese (28%) groups. Adjust-
ment for maternal educational level or family income resulted in relatively small 
decreases in differences between Dutch and non-Dutch origins, i.e. decreases be-
tween 1% and 16%.
In children from virtually all non-Dutch backgrounds, the differences in mean 
scores with Dutch children were slightly more pronounced for the Internalizing 
problem scale than for the Externalizing problem scale. Of all variables included 
in the model, maternal national origin (R2 = 0.033) and psychopathology (R2 = 0.028) 
explained the highest percentage of variance in Total problems. The percentage of 
explained variance by all variables included in the model was moderately: Total 
problems R2 = 0.138, Internalizing R2 = 0.143, Externalizing R2 = 0.073. 
table 4. association between maternal national origin and cbcl scores adjusted 
for family risk factors (n=4943)
variables included  
in model
total problems r2 a
internalizing 
problems
r2 a
externalizing  
problems
r2 a
Intercept   23.6 (19.5, 27.7) ***  4.43 (3.20, 5.66) *** 12.1 (10.2, 13.9) ***
Maternal national origin: 
  Dutch
  European
  Antillean 
  Cape Verdian 
  Indonesian
  Moroccan 
  Surinamese
  Turkish 
  Other Non-Western
  
  0 (reference)
  3.79 (2.25,5.32) ***
  6.38 (3.07, 9.69) ***
  8.92 (5.97, 11.9) ***
  2.86 (0.69, 5.03) **
  4.30 (1.86, 6.75) **
  2.13 (0.23, 4.04) *
  9.46 (7.55, 11.4) ***
  9.20 (7.15, 11.2) ***
0.033
 0 (reference)
 1.13 (0.67, 1.59) ***
 1.59 (0.61, 2.58) **
 2.19 (1.31, 3.07) ***
 0.33 (-0.31, 0.98) 
 2.29 (1.56, 3.02) ***
 0.39 (-0.18, 0.96) 
 3.90 (3.33, 4.47) ***
 3.05 (2.44, 3.66) ***
0.048
  0 (reference)  
  0.99 (0.32, 1.67) **
  1.58 (0.12, 3.03) *
  2.68 (1.38, 3.98) ***
  1.02 (0.06, 1.98) *
  1.19 (0.11, 2.27) *
  0.26 (-0.58, 1.10)
  0.93 (0.09, 1.77) *
  1.49 (0.58, 2.40) ** 
0.009
Gender: boy   1.36 (0.53, 2.18) ** 0.002  0.02 (-0.23, 0.27) 0.000   0.95 (0.58, 1.31) *** 0.005
Birth weight   0.00 (-0.001, 0.00) 0.000  0.00 (-0.00, 0.0001) 0.000   0.00 (0.00, 0.00) 0.001
Parity: nulliparity   1.20 (0.30, 2.10) ** 0.001  0.29 (0.03, 0.56) * 0.001   0.37 (-0.02, 0.77) 0.001
Maternal age  -0.18 *** 0.002 -0.03 (-0.06, -0.002) * 0.001  -0.10 (-0.14, -0.05) *** 0.004
Marital status: single   3.95 (2.31, 5.59) *** 0.004  0.96 (0.47, 1.45) *** 0.003   1.65 (0.93, 2.37) *** 0.004
Maternal education: high                
 mediate
 low
  0 (reference)
  0.86 (-0.16, 1.87)
  2.53 (1.17, 3.88) ***
0.003  0 (reference)
 0.09 (-0.21, 0.40)
 0.80 (0.39, 1.20) ***
0.003   0 (reference)
  0.24 (-0.21, 0.69)
  0.52 (-0.08, 1.11)
0.001
Family income: >2000 €
 1200-2000 €
 <1200 €
  0 (reference)
 -0.53 (-1.81, 0.75)
  1.73 (0.04, 3.41) *
0.001  0 (reference)
-0.23 (-0.62, 0.15)
 0.85 (0.35, 1.35) **
0.003   0 (reference)
 -0.03 (-0.78, 0.71)
 -0.35 (-0.92, 0.21) 
0.001
Maternal psychopathology   9.86 *** 0.028 2.73 (2.28, 3.19) *** 0.024   3.71 (3.04, 4.39) *** 0.023
Smoking during pregnancy: yes   0.38 (-0.71, 1.46) 0.000 0.45 (0.12, 0.77) ** 0.001  -0.33 (-0.81, 0.15) 0.001
 
Values are regression coefficients. 
* p-value <0.05, ** <0.01, *** <0.001. 
a Presented R2 = R2 of model including all variables - R2 of model excluding one of the variables. E.g. the 
R2 of 0.033 indicating the effect of national origin on Total problems is as follows: R2 of model including all 
variables (0.138) - R2 of model without national origin (0.105).
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table 5. mean scores on cbcl total problems by maternal immigration characteristics
mean total problem scores
maternal immigration characteristics european (n=406) r
2b non-western 
(n=1347) r
2b
Generational status:
 Second
 First
24.0 (16.3) 
26.2 (16.5)
0.005 27.8 (17.2) 
31.4 (20.5) **
0.008
Age at immigration of first generation immigrantsa: 
 0 - 15 years old
 ≥ 16 years old
22.2 (15.7) 
27.7 (16.8) 
0.016 28.4 (19.0) 
33.2 (19.5) **
0.017
Dutch language skills:
 Good
 Reasonable
 Not good
23.7 (16.1) 
27.0 (16.7)
27.5 (17.3) 
0.012 26.6 (16.7) 
31.9 (19.7) ***
34.9 (21.8) ***
0.032
Cultural identity: “Feels part of …”
 Dutch culture
 Dutch and own national culture
 Own national culture
 Neither Dutch nor own national culture
22.1 (15.2)
25.5 (16.0)
27.3 (16.8) 
44.9 (17.5) *
0.045 28.6 (18.3) 
26.5 (16.0) 
33.9 (21.2) **
35.4 (20.4) *
0.033
Feelings of acceptance: “Feels accepted by Dutch natives” 
 Agree
 Neither agree, nor disagree
 Disagree
24.6 (15.6) 
27.5 (16.2)
32.6 (20.5)
0.018 27.5 (17.7) 
32.7 (19.0) ***
31.6 (20.3) *
0.017
 
Values are mean scores (standard deviations) calculated by univariate ANOVA’s. 
* p-value <0.05, ** <0.01, *** <0.001 for difference in mean score between a certain category and the reference 
category. Reference categories for the separate immigration characteristics are: second generation, age at 
immigration 0-15 years, good Dutch language skills, feeling part of Dutch culture, or agreeing with ‘feeling 
accepted by Dutch natives’.  
a Only first generation immigrants included, as second generation immigrants were born in The Netherlands.
b R2 as displayed in the univariate ANOVA. 
table 5 shows the association between immigration characteristics of non-Dutch 
mothers and mean Total problem score in the offspring. First generation mo-
thers had children with higher behavioural problem scores than mothers who 
were born in the Netherlands. This difference was only significant in mothers of 
non-Western descent (difference in European: 2.2, p=0.180; in non-Western: 3.6, 
p=0.001). Poor Dutch language skills of non-Western mothers were also associated 
with higher behavioural problem scores in toddlers, as was lack of feelings of ac-
ceptance by Dutch natives (see table 5). Among children of non-Dutch European 
origin we observed the same tendencies as in the non-Western group, although 
these associations did not reach statistical significance due to a small sample size. 
The immigration characteristics were highly correlated with each other: the Spear-
man’s rho ranged between 0.191 (feelings of acceptance and age at immigration, 
p<0.001) and 0.909 (generational status and age at immigration, p<0.001). There-
fore, a risk index was calculated based on the maternal immigration characteristics 
that were associated with child behavioural problems. figures 1 and 2 present 
the association between an accumulation of adverse immigration characteristics 
and child behavioural problems. European toddlers with 3-5 five immigration risks 
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have significantly higher Total problem scores than Dutch toddlers (figure 1a); 
after adjustment for family risk factors, these differences between European and 
Dutch toddlers attenuate, but remain statistically significant (figure 1b). Non-
Dutch European children with a few immigration risks (0-2) do not have higher 
Total problem scores than toddlers of Dutch origin, this is especially apparent after 
adjustment for the family risk factors (figure 1b). figure 2a points out that, 
independently of the amount of immigration risks, toddlers of non-Western origin 
have a higher mean Total problem score than Dutch toddlers. The higher pro-
blem score among non-Western toddlers without any maternal immigration risk 
is explained by the family risk factors (adjusted difference=1.53, 95% CI: -0.28–3.35) 
(figure 2b). The difference in Total problem scores between Dutch children and 
non-Western children with 1 or more immigration risks becomes smaller after 
adjustment, but remains statistically significant (figure 2b). 
figure 1a. unadjusted association between immigration risk indexa in europeans 
and cbcl total problems
legend of figures 1a, 1b, 2a and 2b
Values are regression coefficients indicating differences in mean Total problem score between Dutch toddlers 
(reference) and toddlers of European or non-Western origin divided according to their amount of immigration 
risks (between 0 and 5). 
a Based on table 5, the following categories of the immigration characteristics were labelled as ‘risk’: first 
generation, ≥16 years at immigration, no good Dutch language skills, feeling part of only own or of neither 
Dutch nor own national culture, and not agreeing with statement ‘feels accepted by Dutch natives’
b Adjusted for gender, birth weight, parity, marital status, family income, smoking during pregnancy, and 
maternal age, education, and psychopathology.
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figure 1b. adjustedb association between immigration risk indexa in europeans 
and cbcl total problems
figure 2a. unadjusted association between immigration risk indexa in non-westerns 
and cbcl total problems
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figure 2b. adjustedb association between immigration risk indexa in non-westerns 
and cbcl total problems
DISCUSSION
This large population-based study in the Netherlands showed that mothers of non-
Dutch origin report more behavioural problems in their toddlers as compared to 
Dutch parents. In contrast with our hypothesis, the higher scores were observed 
both in children of non-Western origin as in toddlers of non-Dutch European 
background. The behavioural problems among non-Dutch toddlers were partial-
ly explained by family risk factors. In addition, the parent reported behavioural 
problems of non-Dutch children were more pronounced among those with several 
unfavourable maternal immigration characteristics.
strengths and limitations
Before we discuss these findings, some methodological comments have to be 
made. The strengths of the present study are the large number of participating 
mother-child dyads from diverse national origins, its population based design, and 
the use of the age-appropriate and validated CBCL/1½ - 5 to obtain information 
on child behaviour. However, our research also has some limitations. The non-
response analyses indicated that data on the CBCL/1½ - 5 were more complete 
in children of higher educated and non-single mothers, a trend that was found 
in Dutch and non-Dutch toddlers. This selective attrition resulted in an under-
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representation of both Dutch and non-Dutch children of the most disadvantaged 
groups, who are at increased risk for behavioural problems. Secondly, our research 
assistants helped a few participants (all illiterate, mostly Berber Moroccan mo-
thers) filling out the questionnaires. This may have resulted in social desirable 
answers. A third limitation is that we had to rely on a parent report of children’s 
behavioural problems, as it was not feasible to obtain clinical diagnoses in such a 
large number of children and the toddlers are too young to be assessed by teachers 
or other informants. Fourthly, although data was available, it was not possible to 
adjust the analyses for factors related to religion and beliefs, as the Dutch refe-
rence group was nearly exclusively Christian or atheist. Finally, another limitation 
of our research is the use of several single item measures to assess the association 
between immigration characteristics and child behavioural problems. Single item 
measures have psychometric restrictions, such as the tendency to be less reliable 
than multiple item scales. Although some of the studied immigration characteris-
tics can be measured using multidimensional scales, we used single items for prac-
tical reasons. Furthermore, if the construct being measured is sufficiently narrow 
or is unambiguous to the respondent -which is certainly the case for some of the 
immigration characteristics-, a single item measure may be adequate.27 
parent reported behavioural problems in immigrant children
The principle finding of the present study, namely more behavioural problems 
in toddlers of immigrant mothers, compares well with several large studies in 
school-aged children conducted in the Netherlands and the United States. In these 
studies, parents of children of different national origins also reported higher levels 
of child behavioural problems as compared to native parents.2-6 More specifically, 
and also in line with our observation, the differences between children of Dutch 
and non-Dutch origin were more pronounced for internalizing than for externa-
lizing problems in previous Dutch studies,2 4-6 although reporting bias may explain 
this finding.28 
Our results are less congruent with other, mostly smaller, studies on parent re-
ported behavioural problems in school-aged immigrant children, that found no 
association7 8 or reported that immigrant children displayed less behavioural prob-
lems than native children.9 10 An explanation that may underlie this discrepancy 
is the small sample size that leads to reduced power in some of the above stu-
dies–e.g. data was available in 106 Greek native and Soviet immigrant children8 or 
200 Gujarati and English native children only10.The divergence in results may also 
be related to immigration policies of host countries. For instance, Beiser and col-
leagues9 argue that selection mechanisms may explain their study finding: immi-
grant children had lower levels of behavioural problems than their Canadian-born 
counterparts due to Canadian immigration policy. Many immigrant households in 
Canada consist of well-educated, occupationally skilled, healthy people, a selection 
that does not apply to the Netherlands. 
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explaining the association between national origin and child  
behavioural problems
The present study demonstrated that among European and non-Western mothers 
adverse circumstances such as low socioeconomic status, single motherhood, and 
psychopathological symptoms, are more prevalent than among Dutch mothers. 
In line with research indicating that such family characteristics are risk factors of 
behavioural problems in the offspring,11 12 29 we showed that these factors together 
explained part of the behavioural problems in toddlers of non-Dutch origin. In 
some of the immigrant groups the effect of family risk factors was particularly 
marked. Surinamese toddlers, for instance, displayed hardly more behavioural 
problems than Dutch children after adjustment for several adverse family circum-
stances. Maternal education and family income explained a small part of behavi-
oural problems of toddlers of various non-Dutch backgrounds, which is consistent 
with results of previous studies.2 4 5 Maternal psychopathology during pregnancy 
turned out to be an important explanatory variable. This may be due to several 
mechanisms. First, maternal psychological well being during pregnancy may af-
fect growth and brain development of the fetus. For example, Teixeira and col-
leagues30 reported that maternal anxiety during pregnancy was associated with 
reduced blood flow through the uterine arteries, which affects fetal development. 
Second, genetic factors may be involved, since twin and adoptee studies indicate 
a substantial genetic influence on behavioural problems.31 Third, since maternal 
mental health during and after pregnancy are highly associated,32 maternal psy-
chopathology as measured during pregnancy in our study might also affect child 
behaviour due to the interaction between the mother and her child. Finally, re-
porter bias is a possible explanation, because a parent report of child behaviour 
may reflect the well being of the child as well as the well being of the parent. 
Maternal psychopathology and other family risk factors play an important role 
in the behaviour development of toddlers of non-Dutch origin, but these factors 
did not fully explain the behavioural problems of most immigrant children. Our 
results also stress the significance of the immigration process, as mothers with se-
veral immigration risks reported more behavioural problems in their toddlers than 
mothers without immigration risks. Whereas several studies among adult and ado-
lescent immigrants indicated that immigration characteristics affect immigrant’s 
mental health,13 14 little research has examined the effect of parental immigration 
characteristics on offspring’s behavioural problems.16 Our finding that maternal 
immigration risks affect offspring’s health might be explained in light of the pre-
sumptions about acculturation. Acculturation is generally described as the pro-
cess by which individuals adopt the attitudes, customs, and behaviours of  another 
culture.33 Often used indexes of acculturation are generational status, length of 
residence and language use, which are similar to the immigration characteristics 
we examined.34 The process of acculturation presents several challenges and life 
changes that might affect health of immigrants, both beneficially and adversely. 
Despite growing evidence of an association between acculturation and health, little 
is known about underlying mechanisms. It has been posited that acculturation 
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is a proxy for other variables, such as prolonged exposure to stressful events or 
adverse circumstances associated with immigration (e.g. loss of social networks), 
settlement in a host country (e.g. discrimination), and disadvantaged social status.34 
In line with this theory, we reason that maternal immigration characteristics as re-
ported during pregnancy influence toddler’s behaviour through stress that results 
from adjustment to a new culture, language difficulties, feelings of rejection, and 
not feeling at home in a country. Chronic maternal stress in pregnancy may expose 
the fetus to increased levels of stress hormones.35 Adaptation of the fetus to this 
‘stressful’ fetal environment possibly influences its development of stress systems. 
It is also possible that maternal stress associated with the acculturation process af-
fects child behaviour due to the interaction between mother and her child. 
There are several potential explanations for the elevated behavioural problem 
scores that cannot be ascribed to the family risk factors and immigration characte-
ristics in toddlers of non-Dutch origin (i.e. the unexplained variance). Possibly, cul-
tural differences in parent reported behavioural problems are involved. Dissimilar 
expectancies and beliefs with respect to appropriate child behaviour36 and diffe-
rences in threshold to report problems37 across cultures may lead to perceptual dif-
ferences between parents of various national origins. In this respect, it should also 
be considered that the lower scores of Dutch as compared to non- Dutch toddlers 
might reflect a tendency of Dutch parents to underreport child behavioural pro-
blems. This is, however, unlikely, as research comparing the CBCL Total problem 
score of 31 societies indicated that the mean score of Dutch children was rather 
average instead of exceptionally low in comparison with other countries.37 Second, 
we cannot rule out that genetic factors underlie differences in behaviour problem 
scores between Dutch and non-Western toddlers. This would imply that the genetic 
vulnerability for behavioural problems also predisposes to immigration.31 An alter-
native interpretation that the genetic background of indigenous Dutch children is 
particularly protective against behavioural problems as compared to the genetic 
make-up of other national groups is not very plausible. A third possible explana-
tion for the remaining difference in behavioural problem score between native 
and non-Western children may be residual effects of immigration characteristics 
that were not captured by our measures. For instance, we did not consider the 
effects of racism and discrimination, while this causes high levels of stress and 
may have far-reaching consequences for immigrants. It has even been reported 
that discrimination perceived by immigrants seems to contribute to their elevated 
risk of schizophrenia.38 Furthermore, we lacked information on traumatic events, 
whereas research on adolescents indicated that parental experience of traumatic 
events before and during immigration has a strong effect on mental well-being of 
the offspring.39 Moreover, we only studied the effects of immigration characteristics 
of the mothers, while paternal immigration characteristics might explain an ad-
ditional part of the behavioural problems of toddlers of non-Western origin. 
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implications
Firstly, our research has scientific implications. Future research using other infor-
mants is needed to replicate and complement our findings. Since it is known that 
levels of problem behaviour in adolescents vary with the informant questioned40, 
the validity of our results would improve if multiple informants were included. 
However, information provided by other informants should also be evaluated cau-
tiously. It has, for instance, been reported that teachers scored Asian immigrant 
children higher on hyperactivity symptoms than native British children, whereas 
more objective measures of hyperactivity indicated similar prevalence in both 
groups.41 Secondly, the differences in behaviour scores between native and im-
migrant children living in The Netherlands have societal implications, as behavi-
oural problems early in life tend to persist over time and may represent early 
symptoms of later psychopathology.17 Our results imply that both researchers and 
policy makers aiming to tackle ethnic disparities in behavioural problems should 
take into account the intertwined nature of national origin and family risk factors. 
Programs should be developed in order to improve family circumstances within 
the immigrant families. Furthermore, the effect of maternal immigration charac-
teristics on child behavioural problems underlines the importance of acquiring 
language skills and of feeling accepted by the host culture. This implies that immi-
grants should, to some extent, adjust to the host country, but it also implies that a 
host country must give immigrants the opportunity to integrate within the society. 
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ABSTRACT
 
Several studies described risk factors of maternal use of harsh discipline, but 
knowledge about determinants of paternal harsh discipline is lacking. We exa-
mined whether sociodemographic and psychosocial characteristics measured 
during pregnancy prospectively predict maternal and paternal harsh discipline. 
Harsh discipline was assessed in the Generation R Study in parents of 3-year-old 
children using an adapted version of the Parent-Child Conflict Tactics Scale. Data 
were available for 3756 children and both parents, and for 1100 children and moth-
ers without a participating partner. Non-Western ethnicity, family dysfunction, 
psychopatho logy, and a history of delinquency were independently associated with 
an increased risk of both maternal and paternal harsh discipline. In mothers, in-
dicators of  socioeconomic status, such as financial difficulties, educational level 
and young age were also associated with harsh discipline. Our results suggest that 
health care workers need to be made aware that mothers and fathers with psycho-
social pro blems are at risk of using harsh discipline. 
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INTRODUCTION
Harsh discipline is characterized by a parent’s aim to control a child using verbal 
violence or physical forms of punishment.1 Examples are yelling, threatening, and 
hitting. During the past decades, research has indicated that parental use of harsh 
discipline presents a risk to healthy child development.2 More specifically, harsh 
discipline strategies like shouting and hitting have been linked with aggression, 
conduct disorder, and other externalizing behavioural problems in the offspring.2-4 
Being spanked during childhood has also been associated with lifetime prevalence 
of anxiety disorder and alcohol abuse.2 5 These effects appear to be independent of 
pre-existing child behavioural problems.6 Another hazard for children’s wellbeing 
and development associated with harsh discipline is the considerable risk that pa-
rental use of harsh discipline strategies results in child maltreatment over time.7 8 
Given these harmful consequences, it is important to identify determinants of 
parental use of harsh discipline. Young maternal age, single motherhood, and vari-
ous indicators of low socioeconomic status have been associated with harsh dis-
cipline, although rather inconsistently.9-16 Studies carried out in the United States 
repeatedly indicated that African-American mothers more frequently rely on harsh 
discipline than white-Caucasian mothers.9 12-18 Additionally, research on the influ-
ence of psychosocial characteristics pointed out that mothers who score high on 
psychopathology and family dysfunction are more likely to use harsh discipline.10 
19-21 Other psychosocial factors such as parental aggressive or violent behaviour 
and physical abuse during parents’ childhood have also been associated with use 
of harsh discipline by parents themselves.9 11 12 22 However, not only parental cha-
racteristics, but also several child characteristics are related to harsh discipline. 
For instance, boys appear to face harsh discipline more frequently than girls.12 13 16 
Furthermore, even though harsh discipline seems to cause behavioural problems 
in the offspring, difficult child behaviour may also provoke the use of harsh disci-
pline by parents.6
To date, research primarily focussed on risk factors of maternal use of harsh disci-
pline, whereas studies on determinants of paternal harsh discipline are very scarce. 
Likewise, aims to identify paternal determinants of physical child abuse have also 
started only recently.23-25 Furthermore, previous etiologic studies often relied on 
cross sectional designs or assessed determinants of harsh discipline when the child 
was already a few years old.9-17 19-21 This makes it difficult to infer about direction 
of effects between characteristics under study and harsh discipline, as it has been 
suggested that child behaviour influences both parenting styles and even parental 
characteristics, such as family stress.26 
The aim of the present study is to examine sociodemographic and psychosocial 
determinants of both maternal and paternal use of harsh discipline. For this, we 
used data from a large cohort in the Netherlands. In order to study determinants 
of harsh discipline independently of child behaviour, we assessed all parental de-
terminants before birth of the child. This will also enable us to establish to what 
extent families at risk for harsh discipline can be identified during pregnancy. We 
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hypothesize that the determinants of paternal use of harsh discipline are similar 
to those that have been identified as determinants of maternal harsh discipline. 
METHODS
design and study population
This study was embedded in Generation R, a population-based cohort from fetal 
life onwards.27 28 Briefly, pregnant women living in the study area in Rotterdam, 
the Netherlands, with an expected delivery date between April 2002 and January 
2006 were invited to participate. Written informed consent was obtained from 
all participants. The Medical Ethical Committee of the Erasmus Medical Centre, 
 Rotterdam, has approved the study. 
Full consent for the postnatal phase of the Generation R Study was obtained 
from 7295 children. Children without information on maternal harsh disci-
pline (n = 2439) were excluded, yielding a sample size of 4856 mother-child dyads 
for the present study. The response rate for the questionnaire on maternal dis-
cipline was 67% (4856 / 7295). Data on paternal harsh discipline was available for 
3756 of these mother-child dyads. This selection in available data on paternal harsh 
discipline was partly due to single motherhood: 22% (n = 242) of the 1100 mothers 
without a participa ting partner actually had no partner. We conducted the analyses 
both in the group of 4856 mothers and the group of 3756 parents to make results 
of mothers and fathers comparable.
harsh discipline
Use of harsh discipline of both parents was assessed with an adapted version of 
the Parent-Child Conflict Tactics Scale (CTS-PC) when the children were 3 years 
old.29 This instrument was designed to obtain self-reported ratings of use of vari-
ous discipline types by parents. We included three subscales of the CTS-PC in our 
assessment, namely Non-Violent Discipline, Psychological Aggression and Phy-
sical Assault. To make the assessed scales age-appropriate for our study popula-
tion of 3-year-old children, we excluded one item of the Psychological Aggression 
scale and three items of Physical Assault (e.g. ‘Said you would send child away or 
kick hem/her out of the house’). The present study regards only the Psychological 
 Aggression and Physical Assault scales and does not include Non-Violent Disci-
pline. We combined the six items of the Psychological Aggression and Physical 
 Assault scales into one scale, which we labelled ‘harsh discipline’ (see items in 
Table 2). Cronbach’s alphas for the harsh discipline scale were α = .63 for the moth-
ers and α = .57 for the fathers, indicating reasonable internal consistency. Parents 
rated the occu rrence of harsh discipline (6 items) during the past two weeks on a 
6-point scale ranging from ‘never’ to ‘five times or more’. Due to very low preva-
lence rates, we combined the categories ‘twice’, ‘three times’, ‘four times’ and ‘five 
times’. This resulted in three categories: ‘never’ (0), ‘once’ (1) and ‘twice or more’ 
(2). The harsh discipline sumscore was calculated by adding the six items. This 
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yielded a score ranging from 0 to 12 (mothers: M = 2.2, SD = 1.97; fathers: M = 1.8, 
SD = 1.82), with higher scores reflecting higher incidence of harsh discipline. 
determinants
Information on the determinants was obtained by questionnaire during preg-
nancy. Mothers and fathers filled out separate questionnaires to report on their 
own characteristics. Based on the literature,9-17 19-21 we considered the following 
sociodemographic and psychosocial characteristics as possible determinants of 
harsh discipline. 
Parental educational level was defined by the highest attained educational level and 
divided in four categories ranging from ‘high’ to ‘low’ according to the definition 
of Statistics Netherlands.30 Ethnicity was based on country of birth of the parents of 
the parent. In accordance with Statistics Netherlands,31 we classified a mother or 
father as non-Dutch if one of her/his parents was born abroad. The non-Dutch pa-
rents were differentiated into non-Dutch European and non-Western origins. Those 
with a non-Western background were further subdivided into first and second 
generation immigrants. For ease of interpretation, parental age was categorized 
as <25 years, 25-35 years, and >35 years. A history of delinquency was assessed by 18 
items regarding different types of delinquent behaviour, such as travelling in public 
transport without paying, stealing, demolishing other persons’ belongings or gi-
ving a wrong declaration to an insurance company.32 We categorized self-reported 
delinquency as follows: no history of delinquency, petty crimes, and history of 
more serious crimes. Furthermore, parents were asked to fill out whether they had 
ever been addicted to any substance or activity, such as alcohol, medication, drugs or 
gambling (yes or no). Smoking was not categorized as an addiction. Symptoms of 
psychopathology were assessed using the Brief Symptom Inventory (BSI), a validated 
self-report.33 The weighted sumscore of the 53 items indicates the global severity 
of psychopathology. We also calculated specific symptom scales of hostility (5 items) 
and depression (6 items). Family functioning as perceived by the parent was measured 
with the General Functioning scale of the McMasters Family Assessment Device 
(FAD).34 In this validated self-report questionnaire, parents were asked to rate fam-
ily functioning and family stress on a 4-point scale. The total score is a weighted 
sum of the 12 items. To allow descriptive comparison between mothers and fathers, 
and to facilitate interpretation of the findings, the sumscores of the FAD and BSI 
were dichotomized: those in the highest 20% of the scales were categorized as high-
scorers indicating high levels of family dysfunction or psychopathology.
Mothers reported on family income and financial difficulties. These variables 
were also examined as determinants of paternal harsh discipline. Family income 
was defined by the total net month income of the household and dichotomized 
into ‘<2000 euros’ and ‘>2000 euros’. Additionally, mothers answered the question 
whether the family experienced financial difficulties (yes or no). Finally, mothers were 
asked to report their marital status, which was categorized as ‘married or cohabit-
ing’ and ‘single’. Mothers were also asked to filled out the 34-item short version of 
the Childhood Trauma Questionnaire (CTQ), a retrospective self-report measure of the 
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frequency and severity of neglect and abuse in childhood and adolescence.35 Of the 
CTQ, the Physical Abuse scale (5 items) is used in the present study. The sumscore was 
dichotomized: the 20% highest scoring mothers were categorized as having expe-
rienced physical abuse during childhood. The CTQ was not completed by fathers. 
Information on child gender was obtained from the medical records completed by 
community midwives and obstetricians. 
statistical analyses
All analyses were performed using the Statistical Package of Social Sciences ver-
sion 11.0 for Windows (SPSS Inc, Chicago, IL, USA). We compared the prevalence 
of the different items of harsh discipline between mothers and fathers with the 
Wilcoxon signed-ranks test for non-parametric paired observations, which yields 
a Z-statistic. We dichotomized the harsh discipline sumscores for the regression 
analyses, because the distribution was skewed due to a very small number of fre-
quent harsh discipline users. As there is no standard cutoff point for the CTS-
PC,29 we considered the 20% highest scoring mothers and fathers as parents who 
use harsh discipline. Univariate logistic regression analyses were performed to 
calculate odds ratios (ORs) for maternal and paternal use of harsh discipline as 
compared to non-users. We tested for two-way interactions between gender, eth-
nicity and educational level. Next, multivariate logistic regression analyses were 
performed to calculate adjusted ORs; only variables that were significantly asso-
ciated with harsh discipline in the univariate analyses (p<.05) were included in 
the multivariate model. Missing values of the determinants were replaced by the 
median, if less than 10% of the data was missing. A category ‘missing’ was added to 
variables with more than 10% missing values, which were: ever been addicted, de-
linquency history, BSI-scales, FAD, and CTQ. The ORs for the missing categories are 
not presented in the tables. The association between marital status and harsh dis-
cipline was only calculated in the total group of 4856 mothers, as the percentage 
of single mothers in the subgroup of mothers with a participating father (n=3756) 
was rather small (3%). 
non-response analysis
Mothers with missing data on harsh discipline (n=2439) were compared with moth-
ers who filled out the questions on harsh discipline (n=4856). Data on maternal 
harsh discipline was more often missing in mothers who were first or second 
generation non-Western immigrant (χ2(3, 7295) = 394, p<.001), lower educated 
(χ2(3, 7295) = 390, p<.001), single parent (χ2(1, 7295) = 162, p<.001), and younger 
than 25 (χ2(2, 7295) = 418, p<.001) as compared to mothers who filled out the ques-
tions on harsh discipline. 
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table 1. characteristics of the study population (n=3756)
determinants mothers fathers
Gender child (% boy)   49.5
Sociodemographic characteristics of families
Family income (% <2000 euros)   19.1
Financial difficulties (% yes)   12.0
Sociodemographic characteristics of mothers / fathers
Age:  >35 years (%)
 25-35 years (%)
 <25 years (%)
21.1
74.2
4.7
36.5
61.8
1.6
Ethnicity:  Dutch (%)
  Other European (%)
  Non-Western, 1st generation (%)
  Non-Western, 2nd generation (%)
72.1
8.7
11.1
8.1
74.7
6.1
8.2
11.0
Educational level: High (%) 
    Mid-high (%)
    Mid-low (%)                                              
    Low (%)
37.0
26.8
26.1
10.1
40.4
22.1
24.5
13.1
Psychosocial characteristics of mothers / fathers
Delinquency history: No delinquency (% yes)
Petty crime (% yes)  
Serious crime (% yes)
59.3
17.0
23.7
38.7
11.8
49.5
Ever been addicted (% yes) 2.1 8.3
Global psychopathology score (high)$ 
 Hostility score (high)$ 
 Depression score (high)$ 
18.4 (0.33)
24.6 (0.26)
29.6 (0.01)
20.6 (0.19)
39.7 (0.10)
20.0 (0.01)
Perceived family dysfunction (high)¶ 18.0 (1.92) 21.3 (1.83)
Physically abused by parents (yes)£ 13.9 (6.00) No information
Values are percentages; scores between parentheses indicate the cut off scores for the 20% highest scores. 
$ Measured with the Brief Symptom Inventory. 
¶ Measured with the Family Assessment Device.
£ Measured with the Childhood Trauma Questionnaire.
RESULTS
Characteristics of the study population are presented in table 1. 49.5% of the chil-
dren were boys and 50.5% girls. 27.9% of the mothers and 25.3% of the fathers were 
of non-Dutch ethnicity.  
The prevalence of the various harsh discipline items is presented in table 2. 
The prevalence of shouting was particularly high: 76.8% of the mothers and 67.3% 
of the fathers reported to have shouted angrily at their child at least once during 
the past two weeks. Compared to fathers, mothers more often shouted (Z=-11.7, 
p<.001) or threatened to slap (Z=-6.0, p<.001). Fathers more often called their child 
dumb or lazy than mothers did (Z=-3.1, p=.002). There were no significant differ-
ences between mothers and fathers in prevalence of scolding, shaking, or pinching 
the child’s arm.
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Next, we compared mothers with (n=3756) and without (n = 1100) data avail-
able on their partner’s use of harsh discipline. The latter group of mothers was 
more often of non-Western origin (χ2(3, 4856) = 446, p<.001), lower educated (χ2(3, 
4856) = 325, p<.001), single parent (χ2(1, 4856) = 405, p<.001), and younger than 
25 (χ2(2, 4856) = 139, p<.001). 
In table 3 the univariate associations between determinants and harsh disci-
pline are presented for the total group of mothers (n=4856) and for the mothers 
with participating fathers (n=3756). Whereas the first is more representative, the 
second can be compared to fathers straightforwardly. The magnitude of the ORs for 
harsh discipline and the levels of statistical significance are fairly similar in both 
groups of mothers. Experiencing financial difficulties is a typical example of the 
determinants of harsh discipline: the OR of financial difficulties was 2.13 (95% CI: 
1.79, 2.53) in the total group of 4856 mothers, very similar to the OR of 2.08 (95% 
CI: 1.66, 2.61) in the subgroup of 3756 mothers. The similarity indicates that the 
results are not distorted by selective participation of fathers.
table 2. prevalence of harsh discipline (n = 3756)
prevalence in 
past two weeks (%)
comparing 
percentages 
mother and father
harsh discipline items parent never$ once$ 
twice or 
more$ 
z-test 
statistic¶
p-value
I shouted, yelled or screamed angrily at my child Mother 23.2 28.5 48.3 -11.66 <0.001
Father 32.7 28.8 38.5
I scolded at my child Mother 95.4 2.5 2.1 -1.50 0.135
Father 95.8 2.6 1.6
I threatened to slap, spank or hit my child but   
   did not actually do it
Mother 74.5 12.4 13.1 -5.95 <0.001
Father 79.1 10.6 10.2
I called my child dumb or lazy or some other 
   name like that
Mother 94.5 3.3 2.2 -3.06 0.002
Father 93.0 4.1 2.9
I shook my child Mother 94.4 3.8 1.8 -0.20 0.840
Father 94.3 4.1 1.6
I angrily pinched my child in his/her arm Mother 84.9 9.9 5.2 -0.58 0.561
Father 84.3 10.5 5.1
Median harsh discipline score (100% range)£
Mother 2.00 (0-12.00)
Father 1.00 (0-12.00)
 
$ Values are percentages. 
¶ Calculated with Wilcoxon signed-ranks test for non-parametric paired observations.
£ Calculated by summing the individual items (never=0, once=1, twice or more=2).
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table 3. univariate associations between determinants and maternal harsh discipline 
or for high levels of harsh discipline (95% ci)¶
determinants
all mothers 
(n=4856)
mothers with participat-
ing father (n=3756)
Gender child (boy) 1.25 (1.09, 1.44) ** 1.37 (1.16, 1.61) ***
Sociodemographic characteristics of families
Family income (low) 2.00 (1.72, 2.31) *** 1.74 (1.43, 2.11) ***
Financial difficulties (yes) 2.13 (1.79, 2.53) *** 2.08 (1.66, 2.61) ***
Sociodemographic characteristics of mothers 
Age:  25-35 years (vs. >35 years)
 <25 years (vs. >35 years)
1.26 (1.05, 1.51) *
2.80 (2.13, 3.69) ***
1.31 (1.06, 1.63) *
2.86 (1.98, 4.13) ***
Ethnicity: Other European (vs. Dutch)
  Non-Western, 1st generation (vs. Dutch)
  Non-Western, 2nd generation (vs. Dutch)
1.86 (1.46, 2.38) ***
2.74 (2.30, 3.25) ***
1.93 (1.52, 2.43) ***
2.14 (1.64, 2.79) ***
2.50 (1.97, 3.16) ***
1.79 (1.35, 2.39) ***
Educational level: Mid-high (vs. high)
    Mid-low (vs. high)
    Low (vs. high)
1.22 (1.01, 1.49) *
1.63 (1.36, 1.96) ***
2.33 (1.90, 2.87) ***
1.17 (0.94, 1.46)
1.57 (1.27, 1.94) ***
2.17 (1.66, 2.85) ***
Marital status (single) 1.95 (1.55, 2.45) *** Not applicable
Psychosocial characteristics of mothers 
Delinquency history: Petty crime (vs. no history)
     Serious crime (vs. no history)
1.51 (1.22, 1.86) ***
1.68 (1.39, 2.02) ***
1.48 (1.16, 1.89) **
1.43 (1.15, 1.78) **
Ever been addicted (yes) 1.17 (0.71, 1.94) 1.14 (0.62, 2.16)
Global psychopathology score (high) 2.04 (1.73, 2.42) *** 1.89 (1.54, 2.33) ***
 Hostility score (high)
 Depression score (high)
2.04 (1.72, 2.41) ***
1.86 (1.58, 2.19) ***
1.76 (1.44, 2.16) ***
1.82 (1.50, 2.21) ***
Perceived family dysfunction (high) 1.82 (1.52, 2.19) *** 1.76 (1.41, 2.20) ***
Physically abused by parents (yes) 1.89 (1.55, 2.31) *** 1.73 (1.36, 2.21) ***
¶ Reference is low levels of harsh discipline within the specific subgroup (i.e. all mothers or mother of whom 
the partner (father of the child) participates).
* p < .05, ** p < .01, *** p < .001.
table 4 shows the univariate association of sociodemographic and psychosocial 
characteristics with risk of paternal harsh discipline. As indicated in table 3 
(mothers, right column) and table 4 (fathers), younger parents used harsh disci-
pline more often than older parents (ORmothers <25 years = 2.86, 95% CI: 1.98, 4.13; 
ORfathers <25 years = 1.75, 95% CI: 1.02, 2.99). Furthermore, male gender of the child, 
being non-Western first generation immigrant, a history of delinquent behaviour, 
self reported psychopathology and family dysfunction during pregnancy were 
each associated with higher levels of maternal and paternal harsh discipline (see 
tables 3 and 4). The global psychopathology score predicted harsh discipline simi-
larly as the hostility and depression subscales did (see tables 3 and 4). Low family 
income, having financial difficulties, non-Dutch European or second generation 
non-Western background, and low educational level were only associated with ma-
ternal harsh discipline (see tables 3 and 4). Finally, a mother’s history of physical 
abuse during her own childhood (OR = 1.73, 95% CI: 1.36, 2.21) was also predictive 
of harsh discipline; this determinant was not assessed in fathers. History of ad-
diction was not related with maternal or paternal harsh discipline. We found no 
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significant interaction effects in our data (data not shown). 
table 5 shows the fully adjusted risks for harsh discipline. In both mothers and 
 fathers, male gender of the child, non-Western ethnicity (in fathers only first gen-
eration immigrant), family dysfunction, psychopathology, and a history of delin-
quent behaviour remained significant risk factors for harsh discipline, even though 
the ORs were slightly attenuated in the multivariate model. Financial difficulties, 
educational level and age were independently associated with maternal, but not 
with paternal harsh discipline (see table 5). The percentage explained variance in 
the multivariate models was 8% for the mothers and 4% in the fathers. The percent-
age explained variance solely by the sociodemographic variables (fa mily income, 
financial difficulties, age, ethnicity and educational level) was 5% for the mothers 
and 0.5% for the fathers. 
table 4. univariate associations between determinants and paternal harsh 
discipline (n=3756)
determinants or for high levels  of harsh discipline (95% ci)¶
Gender child (boy) 1.64 (1.41, 1.90) ***
Sociodemographic characteristics of families
Family income (low )# 1.06 (0.88, 1.28)
Financial difficulties (yes) # 0.98 (0.78, 1.23)
Sociodemographic characteristics of fathers
Age: 25-35 years (vs. >35 years)
        <25 years (vs. >35 years)
1.15 (0.98, 1.34) 
1.75 ( 1.02, 2.99) *
Ethnicity:  Other European (vs. Dutch)
 Non-Western, 1st generation (vs. Dutch)
 Non-Western, 2nd generation (vs. Dutch)
0.96 (0.70, 1.33) 
1.70 (1.31, 2.19) ***
1.01 (0.79, 1.29)
Educational level: Mid-high (vs. high)
  Mid-low (vs. high)
  Low (vs. high)
1.07 (0.88, 1.30)
1.05 (0.87, 1.26)
1.06 (0.84, 1.34)
Psychosocial characteristics of fathers
Delinquency history: Petty crime (vs. no history)
 Serious crime (vs. no history)
1.47 (1.09, 1.98) *
1.49 (1.22, 1.82) ***
Ever been addicted (yes) 0.97 (0.69, 1.36)
Global psychopathology score (high) 1.69 (1.38, 2.07) ***
 Hostility score (high)
 Depression score (high)
1.66 (1.40, 1.98) ***
1.67 (1.36, 2.05) ***
Perceived family dysfunction (high) 1.50 (1.22, 1.83) ***
¶ Reference is low levels of harsh discipline.
# Reported by mothers. 
* p < .05, ** p < .01, *** p < .001.
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table 5. multivariate associations between determinants and harsh discipline (n=3756)$
or for high levels of harsh discipline (95% ci)¶
determinants mothers fathers 
Gender child (boy) 1.41 (1.19, 1.67) *** 1.64 (1.41, 1.90) ***
Sociodemographic characteristics of families
Family income (low) # 0.96 (0.75, 1.22) 0.93 (0.75, 1.16)
Financial difficulties (yes) # 1.43 (1.10, 1.85) ** 0.87 (0.68, 1.13)
Sociodemographic characteristics of mothers / fathers
Age: 25-35 years (vs. >35 years)
 <25 years (vs. >35 years)
1.32 (1.06, 1.65) *
1.74 (1.16, 2.61) **
1.13 (0.97, 1.32) 
1.60 (0.91, 2.82)
Ethnicity:  Other European (vs. Dutch)
  Non-Western, 1st generation (vs. Dutch)
  Non-Western, 2nd generation (vs. Dutch)
2.13 (1.61, 2.80) ***
1.88 (1.44, 2.45) ***
1.45 (1.07, 1.97) *
0.96 (0.69, 1.33)
1.76 (1.33, 2.33) ***
1.00 (0.78, 1.30)
Educational level:  Mid-high (vs. high)
   Mid-low (vs. high)
   Low (vs. high)
1.15 (0.92, 1.44)
1.34 (1.06, 1.68) *
1.57 (1.16, 2.13) **
1.03 (0.85, 1.26)
0.94 (0.77, 1.15)
0.95 (0.74, 1.23)
Psychosocial characteristics of mothers / fathers
Delinquency history: Petty crime (vs. no history)
 Serious crime (vs. no history)
1.43 (1.11, 1.84) **
1.38 (1.10, 1.73) **
1.47 (1.08, 2.00) *
1.46 (1.19, 1.79) ***
Global psychopathology score (high) 1.45 (1.14, 1.84) ** 1.51 (1.23, 1.87) ***
   Hostility score (high) £
   Depression score (high) £
1.29 (1.04, 1.61) *
1.39 (1.13, 1.71) **
1.53 (1.28, 1.84) ***
1.52 (1.23, 1.88) ***
Perceived family dysfunction (high) 1.27 (1.01, 1.62) * 1.34 (1.09, 1.66) **
Physically abused by parents (yes) 1.27 (0.98, 1.65) No information
Explained variance 8% 4%
$ All variables presented in the table were included in the model. 
¶ References are low levels of harsh discipline within the specific subgroup (i.e. mothers or fathers). 
# Reported by mothers. 
£ Multivariate model repeated including this scale instead of the overall psychopathological symptoms score. 
* p < .05, ** p < .01, *** p < .001.
To unravel the mechanisms underlying the association between educational 
level, as an indicator of socioeconomic status, and maternal harsh discipline 
(ORlow vs high education=2.17, 95% CI: 1.66, 2.85), we performed further analyses com-
paring the lowest and highest educational levels (figure 1). Stepwise adjustment 
showed that the association between educational level and maternal harsh dis-
cipline was partly confounded by gender and ethnicity (model 2 in figure 1: 
ORlow vs high education=1.91, 95% CI: 1.44, 2.53). Further adjustment indicates that the 
effect of educational level on harsh discipline is mediated by sociodemograph-
ic variables, such as family income and maternal age (model 3 in figure 1: 
ORlow vs high education=1.53, 95% CI: 1.13, 2.07). Once adjusted for confounders and so-
ciodemographic variables, psycho social determinants did not further mediate the 
association between educational level and harsh discipline (model 4 in figure 1: 
ORlow vs high education=1.53, 95% CI: 1.12, 2.08).
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figure 1. stepwise adjustment of the association between educational level 
(low versus high educational level) and maternal harsh discipline (n=3756)
Model 1: unadjusted.
Model 2: model adjusted for gender and ethnicity.
Model 3: model 2 additionally adjusted for sociodemographic characteristics (family income, financial difficul-
ties, maternal age).
Model 4: model 3 additionally adjusted for psychosocial functioning (delinquency history, global psychopathol-
ogy score, family dysfunction, history of physical abuse).
* p < .05, ** p < .01, *** p < .001. 
DISCUSSION
This large population-based study showed that psychosocial characteristics of 
parents, such as psychopathology, delinquent behaviour and family dysfunction, 
predicted the use of harsh discipline by mothers and by fathers. Moreover, being 
first generation, non-Western immigrant consistently predicted harsh discipline 
of both parents. Indicators of socioeconomic status, however, were clearly associ-
ated with maternal harsh discipline, but hardly predicted paternal use of harsh 
discipline. 
strengths and limitations
Before discussing these findings in more detail, some methodological comments 
have to be made. The strengths of the present study are the assessment of both 
maternal and paternal harsh discipline and the measurement of potential deter-
minants during pregnancy. Other strengths are the large number of participants 
and the population based design. One of the limitations of our research is that 
the non-response analyses indicated that data on maternal harsh discipline was 
more complete in higher educated, non-single, and Dutch mothers. This resulted 
in an under-representation of the most disadvantaged families, which reduced our 
power and may have affected our results if the relation between determinants and 
harsh discipline differed between responding and non-responding mothers. On 
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the other hand, we showed that the selective participation of fathers did not influ-
ence the associations between determinants and maternal harsh discipline. This 
suggests that the effect of non-response in mothers might also be rather small. 
Secondly, this study was limited by the use of an adapted version of the CTS-PC to 
assess harsh discipline. The adaptation was necessary to obtain an age-appropriate 
instrument for our study population of 3-year-old children. A further modifica-
tion was the merging of two original scales with several items of harsh discipline 
into one ‘harsh discipline’ scale. However, the internal consistencies of the harsh 
discipline scales of both mothers and fathers indicated a reasonable factor struc-
ture, and were similar to the internal consistencies of the original CTS-PC scales.29 
Thirdly, our study assessed harsh discipline by means of a parent-report. Response 
biases such as social desirability might have affected our data to an unknown de-
gree. Yet, the World Health Organization has recommended self report measures 
of harsh discipline in population-based studies, because they can yield useful infor-
mation for prevention policies.36 
determinants of use of harsh discipline
Our research indicated that parents regularly discipline their 3-year-old children 
by shouting, pinching in the arm or threatening to spank. Several characteris-
tics of parents during pregnancy are associated with harsh discipline later during 
childhood. Of the included sociodemographic characteristics, non-Western ethnic-
ity independently predicted both maternal and paternal use of harsh discipline. 
The finding that non-Western parents use harsh discipline more frequently than 
Dutch parents may be due to several mechanisms. Firstly, ideas about the effects 
and effectiveness of harsh discipline as well as general beliefs about parenting 
styles differ between cultural groups. For instance, in some cultures, physical pun-
ishment of children is more accepted than in other societies,37 leading to cultural 
or ethnic differences in use of harsh discipline. It is important to further investi-
gate the role of these cultural differences in Europe, especially since a few studies 
in the U.S.A. indicated that the longterm effects of harsh discipline are culture-
specific.38 39 A second explanation for the association between ethnicity and harsh 
discipline might be that the use of harsh discipline is a taboo in the Netherlands.40 
If Dutch parents are more aware of this than non-Dutch parents, social desirability 
may have influenced the reports of Dutch parents to a larger extent than reports 
of parents of other national origins. Finally, non-Dutch parents often live in dis-
advantaged neighbourhoods and might experience discrimination or integration 
problems which cause stress. These elevated levels of stress could result in more 
frequent use of harsh discipline among ethnic minority groups. Among fathers 
of non-Western background, only being a first generation immigrant was a risk 
factor for harsh discipline, while second generation immigrants reported similar 
levels of use of harsh discipline as Dutch fathers. It might be that second genera-
tion immigrants experience less stress or are more accustomed to Dutch norms 
than first generation immigrants and thus use less harsh discipline. 
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Besides the sociodemographic characteristics, several psychosocial risk factors 
were also predictive of both maternal and paternal use of harsh discipline. We 
found that psychopathology, family dysfunction, and a history of delinquent behav-
iour as measured during pregnancy were associated with parental harsh discipline 
later during childhood. Previously, explanations have been put forward for the as-
sociation between psychosocial problems and maternal harsh discipline.41 42 These 
explanations might also apply to fathers. Negative parental emotions and tensions 
are carried over into parent-child interactions, a concept that Almeida and col-
leagues labelled the ‘spillover effect’.41 Moreover, parents with psychosocial prob-
lems may also have little patience or are less able to manage difficult child-rearing 
situations, resulting in harsh discipline that, at least at the short term, seems to be 
effective. On the other hand, it is also conceivable that psychosocial dysfunction of 
parents and harsh discipline are not causally related, but are explained by underly-
ing concepts such as poor interpersonal cognitions or skills.42 
We hypothesized that substance abuse, also considered as a psychosocial risk 
factor, would be associated with harsh discipline, as it is an indication of psycho-
pathology and of having poor coping strategies. However, parental history of ad-
diction was not associated with use of harsh discipline, which is in contrast with 
prior studies.10 19 The absence of an association may be due to the small number of 
parents in our study that reported to have been addicted.
The associations between determinants and use of harsh discipline were fairly 
similar in both mothers and fathers, except for some determinants. We found that 
indicators of socioeconomic status, like financial difficulties and low educational 
level, strongly predicted maternal harsh discipline, whereas these indicators were 
hardly related to paternal harsh discipline. The relation between educational level 
and maternal harsh discipline was partly explained by other sociodemographic 
risk factors, but was not fully due to other determinants included in the multi-
variate model. A possible clarification for the association between indicators of 
socioeconomic status and harsh discipline is that socioeconomic status reflects 
general knowledge, literacy, and problem-solving skills,43 44 which might influence 
the choice of whether or not to use harsh discipline. One would expect, though, 
that this does not only pertain to mothers, but also to fathers. In general, however, 
mothers spend more time with their offspring than fathers, as they are more often 
primary caregivers.45 This difference between mothers and fathers might be larger 
in women of low socioeconomic background as compared to women of high socio-
economic status,46 while time spent with the child is probably correlated with the 
number of times a parent has to discipline the child. On the other hand, the lack 
of an association might also be due to our assessment of indicators of socioeco-
nomic status: family income and financial difficulties were one of the few factors 
only reported by mothers and not by fathers. As a report on financial difficulties is 
rather subjective, it is conceivable that only fathers’ own experiences of financial 
concerns is associated with the use of harsh discipline. 
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We assessed the parental determinants before birth, hence the results were not 
influenced by child temperament and development. However, it is still possible 
that the associations between parental determinants and harsh discipline are me-
diated by child behaviour. For instance, the association between social disadvan-
tage, as indicated by ethnic minority status or low socio-economic position, and 
child behavioural problems is well established.47 48 As level of social disadvantage 
is rather stable, it is probable that social disadvantage (as measured during preg-
nancy) elicits child behavioural problems, which in turn causes higher levels of 
harsh discipline. 
The only child characteristic examined in this study was gender of the child. We 
showed that both mothers and fathers discipline boys more often in a harsh way 
than girls. This might be explained by gender role expectations or experiences. For 
instance, it has been suggested that parents believe that boys are more aggressive 
than girls and therefore require more discipline.13 16 Alternatively, it also conceiv-
able that boys show more rule breaking behaviour and are less compliant, which 
leads to more frequent use of harsh discipline.16 
implications
Due to the harmful consequences of harsh discipline and the link between harsh 
discipline and child maltreatment, the prevention of it is a major public health 
goal.36 Our study indicated that several 3-year-old children were disciplined in a 
harsh way and that characteristics of both mothers and fathers during pregnancy 
are predictive of harsh discipline during childhood. The combination of our out-
comes and previous research conducted in North America9-13 15 18 suggests that de-
terminants of maternal harsh discipline are fairly similar across Western societies. 
Likewise, the psychosocial determinants of harsh discipline are similar for fathers 
and mothers. As research on determinants of paternal harsh discipline is lacking,49 
it is important that our findings are replicated in future studies.   
Some determinants of harsh discipline, like ethnicity, may not be easily amend-
able, although it is promising to see that second-generation immigrant fathers 
seem to be less likely to use harsh discipline than first-generation immigrants. 
 Other identified determinants such as parental psychopathology or stressful family 
circumstances are modifiable.50 51 Another way to prevent the use of harsh discipline 
is by educating parents about alternative strategies to discipline their children and 
by informing them about the consequences of harsh discipline.52 Preventive inter-
ventions should ideally be applied early in children’s lives and must have a special 
focus on socially disadvantaged families and on parents with psychopathology or 
family stress. Health care workers need to be made aware that both mothers and 
fathers who experience psychosocial problems are at risk of using harsh discipline. 
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The general aim of this thesis was to extend the existing knowledge on the relation 
of social disadvantage with pregnancy outcomes and behaviour early in life. More 
specifically, we aimed to identify the mechanisms underlying this association. The 
present chapter highlights our main findings as presented in the previous chapters 
and provides a discussion of these results in a broader context. Next, I consider 
some methodological issues. Finally, implications for health policies are discussed.
MAIN FINDINGS
In the first part of this thesis, we studied the association between social disadvan-
tage and different pregnancy outcomes. Chapter 2.1 described that low maternal 
educational level, as an indicator of low socioeconomic status (SES), was associated 
with slower fetal growth resulting in differences in fetal weight. The adverse effect 
of low education was largest for growth of the fetal head, followed by growth of 
the fetal femur and abdomen. Maternal smoking during pregnancy and maternal 
height mediated a large part of educational inequalities in fetal growth charac-
teristics, although inequalities in fetal head circumference remained partly unex-
plained. 
In chapter 2.2, we reported that pregnant women with a low educational level 
had a nearly two-fold higher risk of preterm birth as compared to women with 
a high educational level. This elevated risk was explained by a combination of 
several risk factors for preterm birth among women with a low education, such as 
pre-eclampsia, intrauterine growth retardation, young maternal age, short stature, 
financial concerns and psychopathology. 
In chapter 2.3, it was indicated that offspring’s birth weight was on average 
176 grams lower among the lowest educated women as compared to the highest 
 educated women. A substantial part of the lower birth weight in the offspring of 
women of low educational level was due to these women’s shortened gestational 
period. The remaining birth weight difference of 126 grams between low and high 
education was partially attributable to an accumulation of risk factors for low birth 
weight among low educated women, such as parental height and birth weight, 
hypertension, maternal age, parity, marital status, unplanned pregnancy, financial 
difficulties, and most importantly maternal smoking during pregnancy. Despite the 
contribution of these variables, part of the relationship between educational level 
and birth weight remained unexplained. 
Another indicator of social disadvantage included in this thesis was unemploy-
ment. In chapter 2.4, we showed that unemployment among pregnant women, as 
compared to being employed, was associated with a higher risk of several adverse 
pregnancy outcomes, like small-for-gestational-age and preterm birth. These risks 
were entirely due to the lower educational level, lower family income and poorer 
mental health of unemployed women. In contrast, unemployed women had a lower 
risk of other pregnancy outcomes, mainly involving complications at delivery, than 
employed women. The lower risk of delivery complications among unemployed 
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women in our study was attributable to the fact that they were more often mul-
tiparous than employed women. 
The second part of this thesis provides information on the association between 
 social disadvantage and child behaviour early in life. Sociodemographic and psy-
chosocial determinants of maternal and paternal harsh discipline were also exam-
ined in the second part of this thesis. In chapter 3.1 we showed that several indica-
tors of low SES, such as low parental educational level, low family income and low 
maternal occupational level, were associated with a more difficult temperament 
in six months old infants than indicators of high SES. Only the direction of the 
association between SES and the temperamental scale Depression was reversed. 
The SES inequalities in the temperamental scales Distress to Limitations, Re covery 
from Distress, and Duration of Orienting were largely due to young maternal age, 
single motherhood, family stress and poor maternal psychological well being. 
These variables could not explain the higher levels of Activity and Fear nor the 
lower levels of Sadness among infants from low SES groups.  
Chapter 3.2 described higher levels of parent-reported behavioural problems in 
toddlers from various non-Dutch backgrounds as compared to native Dutch chil-
dren. This relation was partially mediated by maternal psychopathology and in-
dicators of SES. Besides this, we showed that the reported behavioural problems 
of non-Dutch children were more pronounced among those with unfavourable 
maternal immigration characteristics, such as poor Dutch language skills and lack 
of feelings of acceptance by Dutch natives.  
Finally, the aim of chapter 3.3 was to identify determinants of harsh discipline 
used by mothers and fathers of 3-year old toddlers, since harsh discipline is a well-
established risk factor for healthy child development. We showed that psycho-
social characteristics of parents, such as psychopathology and stress, were risk 
factors for use of harsh discipline by both mothers and fathers. Moreover, being 
a first generation non-Western immigrant consistently predicted harsh discipline 
in both parents. Indicators of SES, however, were clearly associated with maternal 
harsh discipline, but hardly with paternal harsh discipline. A substantial part of 
the association between educational level and maternal harsh discipline was due 
to other sociodemographic characteristics such as ethnicity, family income, and 
young maternal age.  
explaining social inequalities in pregnancy outcomes and behaviour early in life
In this thesis, large socioeconomic inequalities in pregnancy outcomes were found: 
women with a low socioeconomic background had an elevated risk of several preg-
nancy complications as compared to women with a high SES. This confirmed pre-
vious studies reporting socioeconomic inequalities in pregnancy outcomes, like 
preterm birth and low birth weight.1-13 Equally, in both children and adults, ethnic 
minority status and low socioeconomic position have repeatedly been associated 
with mental health problems.14-19 This social disadvantage gradient has not been 
observed in very young children so far. We showed that mothers of non-Dutch 
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origin report more behavioural problems in their toddlers of only 1½-year old as 
compared to Dutch parents. Moreover, we also documented SES inequalities in 
temperamental traits in infants of six months of age, a finding that was reported 
only once before.20 It is likely that these inequalities are the precursors of the 
 social gradient in behavioural and mental health problems later in life. 
In addition to document inequalities in health, the second aim of this thesis was 
to explain these inequalities. Any effect of social disadvantage on health and be-
haviour is probably an indirect one, acting through other determinants of the out-
come under study, so called mediators. As illustrated in figure 1, different groups 
of potential mediators were studied: biological determinants, sociodemographic 
features of the family, and psychosocial and life style related characteristics of the 
parents. By studying these groups of potential mediators, we aimed to explain the 
association of social disadvantage with pregnancy complications and behaviour 
early in life. A variable was only considered as a potential mediator if this variable 
was known to be associated with both the indicator of social disadvantage and the 
outcome under study. Therefore, the studied mediators differed per outcome. The 
biological determinants, for instance, were only studied as possible mediators in 
the relation between social disadvantage and pregnancy outcomes, and were not 
examined in relation to child behaviour and parental harsh discipline. Below I 
discuss the mediating mechanisms per group of mediators.
figure 1. schematic representation of the potential mediating factors in the 
association of social disadvantage with pregnancy outcomes and child behaviour.
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biological determinants
We examined whether several biological determinants contributed to the observed 
educational differences in fetal growth, gestational duration, and birth weight. A 
previous study examining socioeconomic inequalities in birth weight and preterm 
birth indicated that maternal height mediates part of the association.21 Our  results 
confirmed this finding. Unlike earlier studies, we examined the role of parental 
birth weight and paternal height in the relation between educational level of preg-
nant women and birth weight in the offspring. These parental anthro pometrics 
explained a significant part, with maternal and paternal anthropometrics con-
tributing equally to the educational differences in birth weight. Most likely, birth 
weight and height of both parents can be considered as proxies of a genetic predis-
position for fetal growth, birth weight and later length in the offspring.22
Hypertension during pregnancy mediated a small but significant part of the educa-
tional differences in birth weight. The pathophysiological mechanism underlying 
the relation of gestational hypertension with fetal growth restriction and decreased 
birth weight might be reduced placental blood flow or placental vascular damage.23 
Pre-eclampsia and intrauterine growth restriction were mediating factors in the as-
sociation between educational level and risk of preterm birth. It is well document-
ed that both pre-eclampsia and intrauterine growth restriction are risk factors for 
preterm birth. A preterm birth can occur spontaneously due to either of these risk 
factors, but may also be induced to reduce health risks in both mother and child.24 25 
sociodemographic characteristics
Maternal age was an important factor in the associations between social disadvan-
tage and several outcomes under study. Lower educated women were on  average 
younger during pregnancy. This younger age explained a substantial part of edu-
cational inequalities in fetal growth, preterm birth, and birth weight. A young 
maternal age or more specifically, teenage pregnancy, has repeatedly been associ-
ated with an excess risk of poor pregnancy outcomes, including low birth weight 
and prematurity.26-28 This association does not only reflect unfavourable socio-
demographic and behavioural characteristics of young pregnant women,28 but 
also seems to be caused by biological immaturity of teenagers.26 27 Young maternal 
age was also an important mediator in the association between educational level 
and infant temperament, and between national origin and child behavioural prob-
lems, which is in accordance with previous studies.16 29 30
Women of low SES or non-Dutch background were more often single parent than 
mothers of high SES or Dutch origin. This contributed to the social inequalities in 
pregnancy outcomes, child behaviour, and use of harsh discipline. There are some 
explanations for this observation. Single women, in comparison with married or 
cohabiting women, might have unfavourable living conditions, experience less 
social support causing elevated levels of stress, and their use of prenatal care may 
be less optimal. Moreover, it is also likely that single mothers became pregnant 
unintentionally. Our results indicated that unplanned pregnancies explained part 
of the educational inequalities in fetal growth and birth weight. Unplanned preg-
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nancies might adversely influence fetal growth and birth weight as a result of late 
onset of prenatal care or due to stress caused by the unexpected pregnancy. Besides, 
women who did not plan their pregnancy might have had unhealthier life style 
habits before the pregnancy was known, such as smoking and binge drinking, than 
women who became pregnant intentionally.   
The subjective experience of financial difficulties mediated a substantial part 
of the educational inequalities in fetal growth, preterm birth, and birth weight. 
Financial difficulties were strongly correlated with income and might thus be a 
proxy for low SES. On the other hand, in low as well as in high-income categories 
numerous participants reported financial strain. Financial difficulties might cause 
adverse pregnancy outcomes through material hardship and lack of money for 
 essential resources, such as healthy food. It is also conceivable that the experience 
of financial difficulties causes stress. 
In chapter 2.2, maternal educational level and family income were also considered 
as potential mediators. Ethnic minority status was highly associated with these 
indicators of SES, while it is known that SES is linked with child behaviour.14-19 
Not surprisingly, maternal educational level and family income contributed to the 
relation between national origin and child behavioural problems. However, indica-
tors of low SES could not explain the total association between ethnicity and child 
behavioural problems. 
parental psychosocial characteristics
In several studies in this thesis, the results confirmed our hypothesis that parental 
psychosocial characteristics contribute to socioeconomic and ethnic inequalities 
in pregnancy outcomes and behaviour. The studied psychosocial characteristics 
were the presence of long lasting difficulties, family stress, and psychosocial well 
being, as indicated by self-esteem and the presence of psychopathology. Several 
 sociodemographic characteristics, such as single motherhood, unplanned preg-
nancy, and financial concerns, might also be indications of psychosocial well 
 being, because, hypothetically, these conditions are intertwined with or are indi-
cations of psychosocial functioning and stress. 
We showed that low educated and unemployed women experienced more stress 
and more psychopathology. This partly explained socioeconomic inequalities in ad-
verse pregnancy outcomes, such as slower fetal growth, elevated levels of preterm 
birth, and lower birth weight in the offspring. Previous research indicated that 
stress during pregnancy is associated with a relatively high risk of preterm birth 
and of having a low birth weight infant.31 32 In these studies it is hypothesized that 
stress causes these adverse pregnancy outcomes through pregnant women’s physi-
ological and hormonal responses to stress.31 32 
Parental psychosocial characteristics, mostly measured during pregnancy, also 
contributed significantly to socioeconomic and ethnic inequalities in child be-
haviour. This may be due to several mechanisms. Firstly, maternal psychological 
well being during pregnancy may affect growth and brain development of the 
 fetus. For example, Teixeira and colleagues33 reported that maternal anxiety during 
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pregnancy was associated with reduced blood flow through the uterine arteries, 
which affects fetal development. Chronic maternal stress in pregnancy may also 
expose the fetus to increased levels of stress hormones.34 Adaptation of the fetus 
to this ‘stressful’ fetal environment possibly influences the development of stress 
systems.34 Secondly, since psychosocial circumstances during and after pregnancy 
are highly associated 35, maternal psychosocial well being as measured during preg-
nancy might also affect child behaviour due to impaired interaction between the 
mother and her child early in life. Finally, reporter bias is a possible explanation, 
because a parent report of child behaviour may reflect the well being of both the 
child and the reporting parent. 
Chapter 3.2 showed that, within the mother-child dyads of non-Dutch origin, 
mothers with several immigration risk factors reported more behavioural pro blems 
in their toddlers than mothers with only a few immigration risk factors. As the 
immigration characteristics largely reflected the degree to which a mother had 
become acquainted with and felt comfortable in the Dutch society, I hypothesize 
that maternal immigration characteristics affect child behaviour mostly through 
stress as experienced by the mothers. 
maternal life style characteristics
Several studies in this thesis examined whether parental life style characteristics 
during pregnancy contributed to educational inequalities in pregnancy outcomes. 
Of the potential mediators studied in this thesis, smoking habits of pregnant women 
explained by far the largest part of the socioeconomic differences in fetal growth 
and birth weight. Previously, Finnish research8 also indicated that smoking ex-
plained up to half the excess risk for low birth weight in the lowest socioeconomic 
group. The effect of smoking on fetal growth might be direct with products of ciga-
rette smoke, such as carbon monoxide, tar and nicotine, affec ting fetal develop-
ment.36 Indirect effects of smoking include maternal and fetal undernutrition, or 
fetal hypoxia due to vasoconstriction in the placenta.37 38 In contrast to our findings 
regarding fetal growth and birth weight, smoking during pregnancy contributed 
only minimally to the excess risk of preterm birth among low educated and unem-
ployed women as compared to women with a high education or paid employment. 
We also studied the influence of maternal smoking  during pregnancy on child 
behaviour. Smoking prevalence during pregnancy did not contribute to socioeco-
nomic differences in infant temperament. However, part of the ethnic inequali-
ties in child behavioural problems was due to differences in smoking prevalence 
during pregnancy between Dutch and non-Dutch mothers. The above described 
effects of smoking on fetal (brain) development might be the cause of later child 
behavioural problems.36-38 An alternative explanation for the association of smok-
ing during pregnancy with behaviour in the offspring might be epiphenomena 
of smoking, as smoking co-occurs with psychopathology and abuse of other sub-
stances.39 40
Within the Generation R Study, continuation of alcohol consumption during preg-
nancy was relatively more common among women with a high socioeconomic 
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background as compared to women of low SES. The amount of alcoholic drinks 
consumed was, however, on average fairly low. In the first trimester of pregnancy, 
2.4% of the women participating in our study drank one or more alcoholic con-
sumptions per day. This percentage decreased to 0.5% in the third trimester of 
pregnancy. Adjusting for alcohol consumption led to a reduction in the risk of pre-
term birth among lower educated women. It is hypothesized that low to moderate 
alcohol consumption during pregnancy may be genuinely beneficial in preventing 
preterm birth. However, the effects may also be explained by the ‘healthy drinker 
effect’, in which women with a poor obstetric history are more likely to abstain 
from drinking.41 Alcohol consumption did not contribute to socioeconomic differ-
ences in birth weight.
Body mass index (BMI) of the pregnant women was studied as well. With regard 
to birth weight, BMI had an opposite effect than the other mediators under study: 
BMI did not explain educational inequalities in birth weight, but had a protective 
effect. The explanation for this finding is that lower educated women had on aver-
age a higher BMI than high educated women, while BMI is positively correlated 
with birth weight.22 It can be argued that, if low educated women had the same 
mean BMI as high educated women, then the average birth weight in the offspring 
of low educated women would even be lower. In contrast to the protective effect 
on birth weight, BMI clearly explained part of the increased risk of preterm birth 
among lower educated women and unemployed women. Overweight is associated 
with an increased risk of diabetes gravidarum in pregnant women and with mac-
rosomia in the offspring.42 These conditions possibly lead to preterm birth, either 
spontaneous or induced.43
alternative explanations for the association of social disadvan-
tage with pregnancy outcomes and early childhood behaviour 
The mediators studied in this thesis did not account for all observed social inequali-
ties in pregnancy outcomes and child behaviour. Several factors could be examined 
as potential pathways in future research. 
Information on nutrition during pregnancy was not available at the time the 
studies in this thesis were conducted. Research among pregnant women indicated 
that SES was positively associated with fruit, vegetable and fish consumption and 
inversely related to intake of high-fat foods.44-46 Nutrition has been linked with 
pregnancy outcomes. Valero De Bernabe and colleagues47 pointed out that pregnant 
women need additional energy intake (approximately 300 kcal per day) to achieve 
optimal fetal growth. The intake of specific nutrition components, like proteins, 
vitamins, and omega-3 fatty acids, has also beneficial effects on birth weight.31 47 
 Dietary patterns of pregnant women might thus contribute to the observed socio-
economic inequalities in fetal growth (chapter 1.1) and birth weight (chapters 1.3 and 
1.4). 
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Possibly, genetic factors underlie differences in fetal growth, birth weight, tem-
perament, and behaviour between socially advantaged and disadvantaged children. 
Although we accounted for several proxies of heritability, such as parental birth 
weight, height and psychopathology, it is unlikely that these concepts cover all 
genetic predispositions for offspring’s birth weight and behaviour. If genes related 
to growth and mental health vary by SES or ethnicity,48 49 then genetic factors might 
contribute to the social disadvantage gradient in birth weight and behavioural 
problems. This merits further investigation and is possible in the Generation R 
Study once the genetic profiles of the participants become available. 
Early environmental influences might account for part of the relation of social 
disadvantage with temperament and behaviour early in life. It is likely that feeding 
practices, sleeping patterns, parental soothing behaviour, maternal work (hours), 
and day care attendance differ between various socioeconomic and ethnic groups. 
These factors may influence temperament and behaviour early in life, and thereby 
contribute to temperamental and behavioural inequalities between children of 
socially advantaged and disadvantaged backgrounds. 
There are also other potential reasons for the ethnic differences in child behav-
ioural problems, which might also contribute to ethnic differences in parental 
harsh discipline. Dissimilar expectancies and beliefs across cultures concerning 
appropriate child behaviour could influence a parents’ report of child behaviour.50 
Equally, ideas about the effectiveness of harsh discipline may also differ between 
cultural groups leading to ethnic differences in harsh discipline. Another possible 
explanation for the remaining ethnic inequalities in children’s behavioural pro-
blems and in parental harsh discipline is that non-Dutch families experience more 
stress than native Dutch families. Parental stress influences the behaviour of the 
offspring.51 Likewise, stress might also lead to elevated levels of harsh discipline. 
Although some stress related factors were included in our analyses, we did not 
account for other indicators of stress that are specifically associated with ethnic 
minority status. Future research should target stress related factors such as dis-
crimination, integration problems, the experience of traumatic events before and 
during immigration, and living in disadvantaged neighbourhoods.
 Finally, it is established that the use of harsh discipline influences child behav-
iour.52 53 We showed that parents of non-Dutch or low socioeconomic background, 
as compared to Dutch parents or parents with a high SES, were more likely to use 
harsh discipline. Hypothetically, harsh discipline mediates the association between 
social disadvantage and child behavioural problems. This hypothesis can be exa-
mined if the data collection within Generation R on child behaviour at the age of 
five years is completed.  
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methodological considerations
The strengths and limitations of the separate studies have been described in the 
specific chapters. Here, I will discuss some general methodological considerations 
that pertain to studies aimed at unraveling the mechanisms underlying social in-
equalities in health. 
Selection bias
All pregnant women living in the study area in Rotterdam with an expected de-
livery date between April 2002 and January 2006 were invited to participate in the 
Generation R Study. The initial response rate was estimated at 61%. Non-partici-
pation was not random: pregnant women from ethnic minority groups and lower 
socioeconomic backgrounds were underrepresented in our study.54 Typically, most 
population based cohort studies are confronted with this problem.55-57 Neverthe-
less, it raises the question whether selection bias has limited the generalizability 
of our findings. Selection bias occurs if an association between determinant and 
outcome differs between those who participate and those who were eligible for 
the study, but did not participate. In a recent study, participants of the Danish 
National Birth Cohort Study were compared with non-participating persons.58 Ef-
fect estimates for associations between well-established risk factors and pregnancy 
outcomes were quite comparable between the two groups, indicating that bias 
due to non-participation was rather small. Given the similarities in the designs of 
the Danish National Birth Cohort Study and the Generation R Study, these results 
suggest that selective participation did not influence our findings to a large extent 
either, which implies that the results presented in this thesis may be generalized 
to the general population. 
The studies described in this thesis also suffered from selective non-response to 
postal questionnaires, leading to missing data on determinants, outcomes and co-
variates. We repeatedly indicated that data was more complete in higher educated, 
non-single, Dutch mothers, who experienced less psychopathological symptoms. 
This selective response resulted in an under-representation of pregnant women 
and children of the most disadvantaged groups, who are at increased risk for ad-
verse pregnancy outcomes and behavioural problems. To overcome part of this 
problem, we applied imputation techniques in several studies to impute missing 
information on the covariates.  Participants with missing data on determinant or 
outcome were, however, excluded in the separate studies. This may have affected 
our results if the relation between determinants and outcomes differed between 
responding and non-responding families. Since this is, however, mostly unknown, 
I can only contemplate about the effect of selective response.  
Information bias
Information bias occurs if misclassification of the outcome is related to the deter-
minant, or vice versa. Self-reported data are particularly prone to misclassifica-
tion.59 Information on the outcomes described in chapter 3 and on all determi-
nants was obtained by parental questionnaires. Differential misclassification of 
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educational level, household income, occupation and ethnic origin is unlikely, as 
information on these determinants was collected before assessment of the out-
comes. Nevertheless, misclassification due to the use of parent-reported data on 
children’s temperament and behaviour is likely. Zwirs and colleagues60 showed, 
for instance, that parents of Turkish, Moroccan and Surinamese background ten-
ded to underreport behavioural problems in their children. This indicates that the 
associations between national origin and behavioural problems may well be larger 
than observed in our study (chapter 3.2). Future studies should use independent 
observers or obtain information from day nurseries and playgroups to comple-
ment our findings on social inequalities in parent-reported child behaviour. Mis-
classification might also have occurred in our study on harsh discipline (chapter 
3.3). If Dutch parents are more aware of the taboo on use of harsh discipline in 
the Netherlands than non-Dutch parents,61 social desirability may have influenced 
the reports of Dutch parents to a larger extent than reports of parents of other na-
tional origins. This would have led to an overestimation of the association between 
ethnicity and harsh discipline. 
Information on several potential mediators, such as lifestyle habits (smoking and 
alcohol consumption), psychopathological symptoms and stress, was also obtained 
by parental questionnaires. This may have introduced misclassification as well. 
Literature on the accuracy of self reported health behaviours suggests that respon-
dents tend to underreport characteristics that are considered to be undesirable or 
negative; this is more pronounced among persons with a low educational level.62 63 
Due to this phenomenon, the contribution of some mediators to the explanation 
of social inequalities in health is perhaps underestimated.
Measurement of socioeconomic status
In several studies presented in this thesis, we focussed on socioeconomic status as 
an indicator of social disadvantage. Socioeconomic status (SES) is a multidimen-
sional construct pertaining to economic resources and to the position an indi-
vidual holds within the structure of society regarding prestige and knowledge.64 65 
This implies that there are several ways to assess SES. 
Educational level, occupational level, and household income are all commonly 
used to estimate an individual’s SES. Other less frequently used indicators of SES 
are material hardship, being medically uninsured, and car ownership. Indicators 
of SES can be studied separately, but can also be combined into a composite mea-
sure that reflects multiple socioeconomic factors. However, few of these composite 
measures have been validated.64 Moreover, and perhaps even more importantly, 
education, occupation and household income represent different aspects of SES 
and therefore might have different associations with different health outcomes.64-66 
Additionally, studying indicators of SES separately makes findings easier to com-
prehend. For these reasons, we studied indicators of SES separately. 
Since levels of education, occupation or income are not applicable to children, 
parental socioeconomic indicators are applied to estimate the level of SES of 
a child.67 68 In our study, maternal and paternal educational level were defined 
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by the highest educational attainment and categorized according to a standard 
classification system of Statistics Netherlands.69 Otherwise, it is also possible to 
express educational level in the number of years of schooling, which seems to 
make interpretations and generalizations across countries easier.65 The number of 
years of schooling, however, does not necessarily contain information about the 
required cognitive abilities, knowledge and skills or the quality of the education.67 
68 Occupational level was defined by the level of education that was required for 
a specific profession (chapter 3.1). Although this obviously resulted in a high cor-
relation between the two concepts, only 32% of the participants had a matching 
educational and occupational level. We also used employment status, i.e. employed 
versus unemployed, as an indicator of SES (chapter 1.4). Family income was defined 
by the total net monthly income of the household.70 The multiple-choice answering 
categories -12 categories ranging from below 450 euro’s to more than 2200 euro’s 
consisted of small units in order to gain accurate information on income. The 
chosen categories showed, however, a ceiling effect with 55% of the participants 
in the highest income category, since our study population consisted primarily of 
two-income families. Therefore, we combined categories into <1200, 1200-2000, 
and >2000 euro’s monthly household income. 
Educational level of the mother was used as the primary indicator of the child’s 
SES. Previously, in both Western and developing countries, maternal education has 
been indicated as the strongest socioeconomic marker of pregnancy outcomes and 
child health.71 Our results are in line with this: of all studied SES indicators, mater-
nal education showed the strongest association with fetal growth, infant tempera-
ment and maternal harsh discipline. Possibly, education reflects material resources 
as it structures occupation and income, while it also reflects non-economic social 
characteristics, such as general and health-related knowledge, literacy, problem-
solving skills and prestige.67 68 These characteristics probably result in a wide range 
of favourable behaviours that play a role in child health. For instance, access to 
care is in principal equal in the Netherlands, but well-educated women may be 
more likely to engage in health-seeking behaviour, start earlier with prenatal care 
or may optimise their use of health services through better communication with 
health care professionals.67 68 72 It is also suggested that income and occupational 
level are better indicators of SES than educational level, because educational at-
tainment is rather static.70 SES changes over time and is perhaps better reflected by 
dynamic entities such as income or occupation. This may, however, apply mainly 
to persons who are in the workforce for numerous years, while our study popula-
tion of parents(-to-be) was on average rather young and typically started working 
only a few years ago.
statistical model
In this thesis, regression adjustment was used to assess mediation mechanisms in 
the association between social disadvantage and health.73 74 Briefly, this method, 
also known as the decomposition approach, comprises of two consecutive regres-
sion analyses. Firstly, unadjusted (or confounder adjusted) effect estimates are cal-
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culated. Next, the regression analysis is repeated including one or more risk fac-
tors that are hypothesized to mediate the effect of social disadvantage on health 
and behaviour. The difference between the effect estimates of the first and second 
analysis reflects how much of the effect of social disadvantage on the outcome 
under study is mediated by a certain risk factor. 
The use of regression adjustment to assess mediation mechanisms has some limi-
tations. Firstly, regression adjustment is based on the assumption that a mediator is 
on the causal pathway between an exposure –social disadvantage in our case– and 
the outcome. As this required assumption on causality is often difficult to verify, 
potential mediators were carefully selected based on existing knowledge and theo-
retical frameworks. Secondly, regression adjustment has been criticized, because 
the percentage of change can be similar for different absolute changes in effect 
estimates. Expressing estimates in standard deviation scores can partially solve 
this issue. This, however, would make interpretation of the regression  coefficients 
less comprehensible. 
Due to these limitations, researchers have suggested to use alternative meth-
ods, such as structural equation modelling or path analysis.75 76 These methods, 
nevertheless, have the same problems regarding causality and are also limited by 
the assumption of absence of effect modification.77 Hence, as alternative methods 
are not necessarily better, regression adjustment remains the most widely used 
approach to assess the contribution of risk factors to social inequalities in health.
confounding and mediating
In epidemiological research, it is common to consider the role of third variables 
(covariates), once a relationship between two variables has been identified.78 79 As 
our aim was to examine mechanisms underlying social inequalities in health, the 
focus of this thesis was on a specific kind of covariates, so called ‘mediators’. If an as-
sociation between a determinant and outcome has been established, the following 
conditions must be fulfilled for variables to be a mediator (figure 2):78 79 
1. Determinant must be causally related to the mediator. 
2. The mediator must be must be causally related to the outcome under study. 
3. The relation between the determinant and the outcome must attenuate after 
controlling for the mediator. 
figure 2. mediators and confounders in the association between determinant and 
outcome.
     mediator 
determinant: 
social disadvantage
outcome: 
health
confounder 
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Based on pre-existing knowledge, we selected potential mediators that fulfilled 
conditions 1 and 2. Next, the third condition was tested. In chapter 2.3, covariates 
were regarded as mediators if the change in effect estimates of the association 
between educational level and birth weight was statistically significant (level of 
significance was set at 0.10).80 81 In the other chapters, variables were considered 
mediators if they led to a change of more than 5% in the effect estimates of the 
relation between social disadvantage and an outcome.80 The threshold (change 
<5% or p-value<0.10) was rather non-conservative to ensure that small mediation 
 effects were also included.
In all studies, we also considered another type of covariates, namely confound-
ing factors that may have obscured or accentuated the association between social 
disadvantage and health. Confounders fulfill the same criteria as mediators, except 
that condition 1 is different: the determinant should not be causally related to a 
confounder. So, a causal relation between determinant and confounder should be 
absent, but it might also be that the confounder causes the determinant. Confound-
ing factors were selected using the same method as for mediators, i.e. conditions 
1 and 2 based on previous research and condition 3 by calculating the change in 
effect estimates of the main association under study. 
Since confounders and mediators require the same statistical approach, the dif-
ference between both variables is only conceptual. The decision on the nature of 
covariates was sometimes complicated. This was, for instance, particularly true 
for the variable maternal age. As the association between social disadvantage and 
maternal age is not necessarily causal, maternal age was sometimes considered as 
a confounder (chapter 1.2). Nevertheless, social disadvantage might also influence 
the age at which women get pregnant, i.e. that low SES or ethnic minority women 
want to have children at a younger age than high SES or native women. Therefore, 
maternal age was also regarded as a potential mediator in several chapters (2.3, 3.1 
and 3.2). 
reverse causality
Another issue that may have hampered our studies is reverse causality.70 This per-
tains to the first condition of the mediation criteria as presented in the prece-
ding section, i.e. the assumption that social disadvantage is causally related to the 
mediator. There is the possibility that relations between social disadvantage and 
presumed mediators were causal in a reverse way. To take the example of maternal 
age again, it is conceivable that becoming pregnant at a young age partly deter-
mines a women’s educational attainment, as women below a certain age cannot 
be expected to have completed university. 
Below, I will discuss the issue of reverse causality for the association between 
SES and some of the mediators studied in this thesis. Firstly, parity might in fluence 
the SES-indicators family income and occupational level as follows: parents work 
on average less than men and women without children,82 83 which causes a re-
duced family income and may also influence occupational level, for instance due 
to  delayed promotions. Moreover, it is also known that the up bringing of children 
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is expensive: the monthly income has to be divided over an extra person, whereby 
a lack of money may arise. Secondly, parental height can affect SES-indicators in 
the following way: it has been reported that taller persons are more successful in 
their careers than persons with a short stature, thereby parental height might in-
fluence family income and occupational level.84 Thirdly, marital status influences 
household income as well: single women have their own income, which is probably 
lower than the income of men and women together. Fourthly, psychopathology 
might act upon SES like this: enduring psychopathological symptoms can bring 
about unemployment or being unable to work,85-89 which might eventually cause a 
lower income. Moreover, as it has been reported that anxiety and depression dur-
ing teenage years are associated with early school drop out,87-89 psychopathological 
symptoms with an early onset might thus have influenced educational attainment 
as well. 
Reverse causality should also be considered in the association of national origin 
with SES and psychopathology. This specifically concerns first generation immi-
grants and is less relevant for second or third generation immigrants. Although 
I assumed that ethnic minority status leads to low SES, it is also known that low 
educational attainment, low income, low occupational level or unemployment 
predisposes to immigration.90 Equally, psychopathology might also predispose to 
immigration, thereby causing elevated levels of psychopathology in immigrants as 
compared to native Dutch persons.91 92 
Obviously, these examples of reverse causality may be relevant for some, but 
certainly not for all participants in our study. Though, the mediated proportion 
of the associations between social disadvantage and health that were ascribed to 
certain mediators might be slightly overestimated. 
IMPLICATIONS FOR PREVENTION AND INTERVENTION 
Health inequalities between socially advantaged and disadvantaged people are 
widespread and seem to involve the whole spectrum of health and disease. It is 
 obvious that the prevention of these undesirable health inequalities is a global 
public health goal. As indicators of social disadvantage, such as low socio-econo-
mic status and ethnic minority status, are not easily amendable, prevention and 
intervention programs should be aimed at the mechanisms underlying the asso-
ciation between social disadvantage and health and disease. 
We showed that pregnancy complications and child behavioural problems in 
socially disadvantaged families were partially due to an accumulation of adverse 
circumstances in these families. Except for maternal smoking during pregnancy, 
which explained almost half of the inequalities in birth weight, the mediating 
factors separately explained on average between 5% and 20% of social inequalities 
in the outcome under study. Therefore, interventions are likely to have the great-
est impact if focused on a combined approach to reduce the prevalence of several 
risk factors in the most disadvantaged groups. Even though some risk factors for 
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adverse outcomes among low educated women, such as short stature, may not be 
easily amendable, other risk factors provide a window of opportunity for interven-
tion strategies to reduce social inequalities in pregnancy complications and child 
behavioural problems. 
Before discussing the preventive measures and interventions for the separate 
amendable risk factors, I would like to stress that interventions must be accessible 
for pregnant women with social disadvantage. This is a major challenge as ethnic 
minority groups and individuals of low socioeconomic status are often difficult 
to reach. These groups enroll later in pregnancy health care and make less use 
of health care offered during early childhood.93 Regarding the proposed preven-
tive measures and interventions (see below), efforts should be made to approach 
socially disadvantaged target groups in various ways prior to conception, during 
pregnancy and in early childhood. The recently launched campaign to reduce 
perinatal mortality in Rotterdam (“Aanvalsplan perinatale sterfte”) suggested that 
the social network of individuals, for instance social and religious meeting places, 
sport clubs and shops, should be used to get socially disadvantaged individuals 
more acquainted with the Dutch health care facilities.94 Furthermore, adolescents 
of various backgrounds can be reached via schools and it should be examined 
whether supplemental intervention measures in vocational training and other low 
level educations reduce the number of adolescent pregnancies. Finally, the recently 
founded youth health care centres (Centra voor Jeugd en Gezin) have the policy to 
reach out to the community: if parents miss a visit and do not respond to invita-
tions, health care workers will visit the family at home. In this way, families of 
socially disadvantaged backgrounds might be reached more often. 
Almost half of the educational inequalities in birth weight of the offspring was 
attributable to smoking during pregnancy. This was the result of a relatively high 
percentage (38%) of lower educated women that continued to smoke during preg-
nancy as compared the highest educated women (5%). So, altering smoking  ha bits 
may be an option to reduce educational differences in fetal growth and birth 
weight. Of the interventions aimed at smoking cessation during pregnancy, brief 
counseling by the prenatal care giver is most frequently applied, as it is a cost-
effective intervention.95 96 In the Netherlands, prenatal care typically starts at the 
end of the first trimester.97 Part of the first visit to the gynaecologist or midwife is 
aimed at health education, e.g. about the harmful consequences of smoking dur-
ing pregnancy. In general, this counseling leads to cessation in about 5% to 10% of 
pregnant women.95 As individuals of low SES, as compared to persons with a high 
SES, are less successful in smoking cessation,98 it might be that socially disadvan-
taged women need more than the standard counseling that is given now. Prenatal 
care providers must be aware that especially women with a low SES tend to con-
tinue smoking during pregnancy. Additionally, nationwide campaigns could raise 
awareness about the detrimental effects of smoking on maternal and fetal health.
Sociodemographic risk factors, such as young maternal age and single mother-
hood, explained part of the risk of pregnancy complications, of more difficult 
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child behaviour and of use of harsh discipline among socially disadvantaged 
women. Young maternal age and single motherhood are probably associated with 
poor material circumstances, delayed start or less optimal use of prenatal care, 
 elevated levels of stress, less social support, and unhealthy behaviours like smo-
king.  Socially disadvantaged women also experienced more stress and psychopa-
thology than socially advantaged women, which contributed to the risk of preg-
nancy complications and difficult child behaviour among socially disadvantaged 
women. Increased awareness of prenatal caregivers and child health care workers 
in signaling risk factors associated with social disadvantage, such as maternal psy-
chosocial problems, young maternal age, and single motherhood, might result 
in higher enrollment rates of socially disadvantaged mothers(-to be) in therapy 
or social support programs. Research suggests that social support programs are 
effective in diminishing the risks of adverse pregnancy outcomes and child well 
being.99 100 It is thought that these social support programs improve well being 
of mother and child through counseling, helping women to enlarge their social 
network, accomplishing continuation of prenatal care, and by affecting life style 
behaviours positively. 
In chapter 3.2, immigration risk factors of mothers of non-Dutch origin were 
 associated with increased levels of child behavioural problems. Apparently, pro-
cesses associated with immigration and integration are not only of importance 
to first-generation immigrants, but also affect the well being of next-generation 
offspring. This merits extra attention, as the number of immigrants in most West-
ern countries is still increasing rapidly. Our results underline the significance 
for  immigrants to learn the host country’s language, and to become acquainted 
with and feel at home in the host country. Although this implies that immigrants 
should, to some extent, adjust to the host country, it also means that a host country 
must give immigrants the opportunity to integrate within the society. 
An essential issue in these suggested intervention programs is the timing of 
implementation. Interventions aimed at risk factors for pregnancy complications 
should be applied as early in pregnancy as possible. Equally, for efforts aimed at 
the prevention of child behavioural problems or parental harsh discipline to be 
effective, interventions should be initiated early in children’s lives or even already 
during pregnancy. However, it would probably even be more effective to embed 
intervention programs in preconception care.101 In this way, women can already 
quite smoking or can seek help for their psychosocial problems ahead of becoming 
pregnant. Awareness about the risks associated with pregnancy at a young age or 
single motherhood could be increased by nation wide, school based campaigns. To 
reduce social inequalities in health, preconception care and prevention campaigns 
should be specifically aimed at reaching socially disadvantaged women.
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CONCLUSIONS
The studies in this thesis indicated that a large social gradient exists in preg-
nancy outcomes in women living in Rotterdam, the Netherlands: women with a 
low  socioeconomic background, as compared to women with a high SES, had an 
 elevated risk of adverse pregnancy outcomes, such as slower fetal growth, preterm 
birth, and low birth weight. A substantial part of the inequalities was due to an 
accumulation of risk factors for adverse pregnancy outcomes among socially dis-
advantaged women. Important mediating factors were height and birth weight of 
pregnant women and their partners, smoking during pregnancy and indicators of 
stress and psychosocial problems among pregnant women. 
Equally, we found a large social gradient in behaviour early in life with infants 
of low SES displaying more temperamental difficulties and toddlers of non-Dutch 
origin having higher levels of parent-reported behavioural problems. This gradient 
was also observed in parenting style with parents of low SES or non-Dutch origin 
being more likely to harshly discipline their 3-year old child than parents of high 
SES or Dutch background. The main mediating factors in these relations were 
 sociodemographic risk factors, such as young parental age and single motherhood, 
and indicators of stress and psychosocial problems of the parents. We also showed 
that maternal immigration characteristics, such as Dutch language skills and feel-
ings of acceptance by the Dutch society, are associated with behavioural problems 
among toddlers of non-Dutch origin. 
In conclusion, despite overall increases in prosperity in the Netherlands, there 
are still marked social inequalities in pregnancy outcomes and behaviour early in 
life. Although we explained a substantial part of the social inequalities, we were un-
able to explain all differences in pregnancy outcomes and child behaviour between 
families of socially advantaged and disadvantaged backgrounds. The observed so-
cial inequalities early in life are most likely precursors of the social gradient in 
health and disease later in life. Hence, it is important that future research aims to 
further disentangle social inequalities in pregnancy outcomes and child behaviour. 
In the meanwhile, I recommend the development and implementation of effective 
public health interventions to reduce undesirable social inequalities in health and 
behaviour early in life. 
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SUMMARY
The social position of individuals in a society is associated with health and dis-
ease, with socially disadvantaged persons being worst off. The prevention of these 
health inequalities is a major public health goal. As inequalities in health between 
socially advantaged and disadvantaged persons are already present early in life and 
persevere throughout the whole life span, attempts to tackle this gradient should 
start by reducing socio-economic and ethnic inequalities in fetal life and infancy. 
However, the indicators of social disadvantage, such as low socio-economic status 
and ethnic minority status, are not easily amendable. Therefore, it is important 
to unravel the pathways through which social disadvantage leads to health and 
disease, because these so-called mediating factors might provide opportunities for 
prevention and intervention programs. 
The objective of this thesis was to extend the existing knowledge on the relation 
of social disadvantage with pregnancy outcomes and behaviour early in life. Since 
the exact pathways how social disadvantage ‘gets under the skin’ and causes preg-
nancy complications and behavioural problems are partly unknown, we aimed to 
identify the mechanisms underlying these associations. The specific aims of this 
thesis were: 
1a. To study the association between social disadvantage and pregnancy 
 outcomes, of which preterm birth and birth weight were the main focus.
1b. To examine explanatory mechanisms in educational and employment-related 
 inequalities in adverse pregnancy outcomes.
2a. To study the association of social disadvantage with child behaviour and 
 parental harsh discipline in early childhood. 
2b. To examine explanatory mechanisms in socioeconomic and ethnic inequalities
 in child behaviour and parental harsh discipline. 
The studies described in this thesis were embedded in The Generation R Study, 
which is a prospective population-based cohort study from fetal life onwards in 
Rotterdam, the Netherlands.
In chapter 2 of this thesis, we studied the association between social disadvantage 
and different pregnancy outcomes. Chapter 2.1 described that low maternal edu-
cational level, as an indicator of low SES, was associated with slower fetal growth 
resulting in differences in fetal weight. The adverse effect of low education was 
largest for growth of the fetal head, followed by growth of the fetal femur and 
abdomen. The educational inequalities in fetal growth characteristics were largely 
due to determinants of fetal growth, such as maternal smoking during pregnancy 
and maternal height. The inequalities in fetal head circumference, however, re-
mained partly unexplained. 
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In chapter 2.2, we showed that pregnant women with a low educational level had 
a nearly two-fold higher risk of preterm birth as compared to women with a high 
educational level. A combination of several risk factors for preterm birth among 
women with a low education, namely pre-eclampsia, intrauterine growth retarda-
tion, mothers’ young age, short stature and high body mass index, smoking habits, 
financial concerns, and indicators of poor psychosocial functioning, explained this 
elevated risk. Moreover, low educated women were more likely to abstain from 
drinking alcohol during pregnancy, which also contributed to their increased risk 
of preterm birth. We hypothesized that low to moderate alcohol consumption du-
ring pregnancy may be genuinely beneficial in preventing preterm birth, but the 
effects may also be explained by the ‘healthy drinker effect’. This phenomenon 
implies that women with a poor obstetric history are more likely to abstain from 
drinking during pregnancy.
Chapter 2.3 indicated that offspring’s birth weight was on average 176 grams 
lower among the lowest educated women as compared to high educated women. A 
substantial part of this lower birth weight was the result of a shortened gestational 
period among women with a low educational level. The remaining birth weight 
difference of 126 grams between low and high education was partially due to an 
accumulation of risk factors for low birth weight among low educated women, 
namely: parental height and birth weight, hypertension, maternal age, parity, 
single motherhood, unplanned pregnancy, financial difficulties, number of people 
living in the household, weight gain, and most importantly maternal smoking dur-
ing pregnancy. Despite the contribution of these mediating variables, part of the 
relationship between educational level and birth weight remained unexplained. 
Next to this, we also showed that, besides a relatively high prevalence of certain 
risk factors for low birth weight, lower educated women also have a relatively high 
prevalence of certain factors that have a suppressive effect on low birth weight. The 
suppressing variables were body mass index and weekly working hours.  
Another indicator of social disadvantage included in this thesis was employment 
status. In chapter 2.4, we showed that unemployment among pregnant women, as 
compared to being employed, was associated with a higher risk of several adverse 
pregnancy outcomes, specifically preterm ruptured membranes, preterm birth, 
meconium stained amniotic fluid and small-for-gestational-age. These risks were 
entirely attributable to the less optimal socio-economic circumstances and poorer 
mental health of unemployed women. In contrast, unemployed women had a lower 
risk of a complicated delivery, i.e. poor progress of delivery and non-vaginal de-
livery, than employed women. The reason for this was that the unemployed women 
in our study were more often multiparous than unemployed women. In-depth 
analysis of the unemployed group revealed that women receiving disability benefit 
had the highest risk of several pregnancy complications. Among those with paid 
employment, we observed that long weekly working hours during pregnancy were 
significantly associated with a lower birth weight in the offspring. Weekly working 
hours were not associated with other pregnancy outcomes under study. 
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The second part of this thesis provides information on the association of social 
disadvantage with child behaviour and parental harsh discipline early in life. In 
chapter 3.1 we showed that several indicators of low SES, such as low parental edu-
cational level, low family income and low maternal occupational level, were asso-
ciated with a more difficult temperament in six months old infants as compared 
to indicators of high SES. Only the direction of the association between SES and 
Sadness was reversed. The effect of SES on the temperamental scales Distress to 
Limitations, Recovery from Distress, and Duration of Orienting was largely attri-
butable to a young maternal age, single motherhood, family stress and poor mater-
nal psychological well being. These covariates could not explicate the higher levels 
of Activity and Fear nor the lower Sadness scores of infants from low SES groups. 
Chapter 3.2 described higher levels of parent-reported behavioural problems in 
 toddlers from various backgrounds as compared to native Dutch children. This 
 association was partly mediated by maternal psychopathology and indicators of 
SES. Besides this, we showed that the reported behavioural problems of non-Dutch 
children were more pronounced among those with unfavourable immigration 
characteristics of the mothers, such as being first generation immigrant, older than 
15 years at immigration, having poor Dutch language skills and lack of feelings of 
acceptance by Dutch natives.  
Finally, in chapter 3.3, we aimed to identify determinants of harsh discipline used 
by mothers and fathers of 3-year old toddlers. We demonstrated that psychosocial 
characteristics of parents, such as psychopathology and stress, were risk factors 
for use of harsh discipline by both mothers and fathers. Moreover, sociodemo-
graphic characteristics like young parental age and being first generation non-
Western immigrant consistently predicted maternal and paternal harsh discipline. 
In dicators of socioeconomic status, however, were clearly associated with maternal 
harsh discipline, but hardly with paternal harsh discipline. A substantial part of 
the  association between educational level and maternal harsh discipline was due 
to other sociodemographic characteristics such as ethnicity, family income, and 
young maternal age.  
In chapter 4 we considered our main findings regarding the mechanisms underlying 
the association of social disadvantage gradient with pregnancy complications and 
behaviour early in life. Next, we hypothesized about which factors might  mediate 
the remaining social inequalities in pregnancy outcomes and child beha viour that 
could not be explained by the mediators we studied. We also discussed relevant 
methodological issues that possibly have influenced our findings. The last part of 
this chapter outlined some implications for public health policies. 
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SAMENVATTING
De sociale positie van individuen in een maatschappij is geassocieerd met ge-
zondheid en ziekte, waarbij sociaal minder begunstigde personen het slechtst af 
zijn. De preventie van deze ongelijkheden in gezondheid is een belangrijk volks-
gezondheidsdoel. Aangezien gezondheidsverschillen tussen sociaal bevoordeelde 
en minder bevoordeelde personen al vroeg in het leven aanwezig zijn en volhard-
en tijdens de gehele levensduur, zouden pogingen om deze verschillen aan te pak-
ken moeten beginnen met het verminderen van sociaal-economische en etnische 
ongelijkheden in het foetale leven en de vroege kindertijd. De indicatoren van 
een lage sociale positie, zoals lage sociaal-economische positie en het behoren tot 
 etnische minderheidsgroepen, zijn echter niet gemakkelijk te veranderen. Daar-
om is het belangrijk om de onderliggende mechanismen waardoor sociaal nadeel 
de gezondheid beïnvloedt te achterhalen, omdat deze zogenaamde mediërende 
factoren mogelijkheden voor preventie- en interventieprogramma’s zouden kun-
nen bieden. 
Het doel van dit proefschrift was de bestaande kennis over de relatie van so-
ciale positie met zwangerschapsuitkomsten en gedrag in het vroege leven uit te 
 breiden. Omdat deels onbekend is hoe sociale ongelijkheid ‘onder de huid kruipt’ 
en daarmee zwangerschapscomplicaties en gedragsproblemen veroorzaakt, heb-
ben we geprobeerd de mechanismen die ten grondslag liggen aan deze relaties te 
identificeren. De specifieke doelstellingen van dit proefschrift waren:
1a. De associatie tussen sociale positie en zwangerschapsuitkomsten te 
 bestuderen, waarbij de nadruk lag op de zwangerschapsuitkomsten,
 vroeggeboorte en geboortegewicht. 
1b. De verklarende mechanismen in opleidings- en werkgerelateerde 
 ongelijkheden in zwangerschapsuitkomsten te onderzoeken.
 
2a. De associatie tussen sociale positie enerzijds en gedrag van kinderen en een 
 hardhandige opvoedingsstijl van ouders anderzijds te bestuderen. 
2b. De verklarende mechanismen in etnische en sociaal-economische 
 ongelijkheden in gedrag van kinderen en in een hardhandige opvoedingsstijl 
 van ouders te onderzoeken.
De studies beschreven in dit proefschrift maken deel uit van de Generation R Studie, 
een prospectieve, populatie-gebaseerde cohortstudie vanaf het foetale leven in 
Rotterdam, Nederland.
In hoofdstuk 2 van dit proefschrift bestudeerden wij de associatie tussen sociale 
positie en verschillende zwangerschapsuitkomsten. Hoofdstuk 2.1 beschrijft dat een 
laag opleidingsniveau van zwangere vrouwen – als indicator van een lage sociaal 
– economische positie-geassocieerd was met een langzamere foetale groei, het-
geen resulteerde in verschillen in foetaal gewicht. Het ongunstige effect van laag 
182
chapter 5
opleidingsniveau was het grootst voor de foetale groei van het hoofd, gevolgd door 
de foetale groei van het dijbeen en de buik. De opleidingsongelijkheden in foe-
tale groeikenmerken waren grotendeels toe te schrijven aan determinanten van 
foetale groei, zoals lengte van moeder en roken tijdens zwangerschap. De onge-
lijkheden in foetale hoofdomtrek bleven echter gedeeltelijk onverklaard. 
In hoofdstuk 2.2 toonden wij aan dat zwangere vrouwen met een laag opleidings-
niveau een bijna tweemaal zo hoog risico op een vroeggeboorte hadden in verge-
lijking met vrouwen met een hoog opleidingsniveau. Dit verhoogde risico werd 
verklaard door de aanwezigheid van verschillende risicofactoren voor vroeg-
geboorte onder vrouwen met een laag opleidingsniveau, namelijk pre-eclampsie, 
intrauterine groeivertraging, jonge leeftijd moeder, korte lengte en hoge body mass 
index van moeder, roken tijdens de zwangerschap, financiële zorgen en indicato-
ren van een slecht psychosociaal functioneren van moeder. Daarnaast drinken laag 
opgeleide vrouwen minder of geen alcohol tijdens zwangerschap; ook dit droeg 
bij aan hun verhoogde risico op een vroeggeboorte. Wij hypothetiseerden dat een 
matige alcoholconsumptie tijdens de zwangerschap daadwerkelijk een bescher-
mende factor voor vroeggeboorte zou kunnen zijn. Anderzijds zou het ‘healthy 
drinkereffect’ ook een rol kunnen spelen; dit fenomeen impliceert dat vrouwen 
met een ongunstige obstetrische voorgeschiedenis zich eerder  onthouden van het 
drinken van alcoholische consumpties tijdens de zwangerschap.
Hoofdstuk 2.3 wees uit dat het geboortegewicht van nakomelingen gemiddeld 176 
gram lager was onder de laagst opgeleide vrouwen in vergelijking met de hoogst 
opgeleide vrouwen. Een groot deel van dit lagere geboortegewicht was het gevolg 
van een kortere zwangerschapsduur onder vrouwen met een laag opleidings-
niveau. Het resterende verschil in geboortegewicht tussen baby’s van laag en hoog 
opgeleide vrouwen (126 gram) was gedeeltelijk toe te schrijven aan een opeenho-
ping van risicofactoren voor een laag geboortegewicht onder laag opgeleide vrou-
wen, namelijk: lengte en geboortegewicht van de ouders, hypertensie, leeftijd van 
moeder, pariteit, alleenstaand moederschap, ongeplande zwangerschap, financiële 
moeilijkheden, aantal mensen in het huishouden, gewichtstoename tijdens de 
zwangerschap, en als belangrijkste factor, roken tijdens de zwangerschap. Ondanks 
de bijdrage van deze mediërende variabelen bleef een deel van het verband tus-
sen opleidingsniveau en geboortegewicht onverklaard. Naast de opeenhoping van 
verschillende risicofactoren voor een laag geboortegewicht onder lager opgeleide 
vrouwen toonden wij ook aan dat deze vrouwen tevens enkele ‘beschermende 
factoren’ voor een laag geboortegewicht hadden. Lager opgeleide vrouwen hadden 
namelijk gemiddeld een hogere body mass index en een lager aantal werkuren per 
week dan hoger opgeleide vrouwen; deze factoren zijn gerelateerd aan een hoger 
geboortegewicht. 
Werkloosheid is een andere indicator van lage sociale positie die we in dit proef-
schrift hebben bestudeerd. Hoofdstuk 2.4 laat zien dat werkloosheid onder zwangere 
vrouwen, in vergelijking met het hebben van een betaalde baan, geassocieerd was 
met een hoger risico op verschillende ongunstige zwangerschapsuitkomsten, te 
weten vroegtijdig gebroken vliezen, vroeggeboorte, meconiumhoudend vruchtwa-
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ter en foetale groeivertraging. Deze risico’s waren volledig toe te schrijven aan 
de minder optimale sociaal-economische omstandigheden en de minder goede 
geestelijke gezondheid van werkloze vrouwen. In vergelijking met werkende 
vrouwen hadden werkloze vrouwen echter een minder grote kans op complicaties 
tijdens de bevalling, zoals een niet-vorderende ontsluiting of uitdrijving of een kun-
stverlossing. De verklaring hiervoor was dat de werkloze vrouwen in onze studie 
vaker al eerder een kind hadden gebaard dan werkende vrouwen. Analyses binnen 
de groep werkloze vrouwen liet zien dat arbeidsongeschikte vrouwen, in vergelijk-
ing met huisvrouwen, werkzoekenden en studenten, het hoogste risico hadden op 
zwangerschapscomplicaties. Onder zwangere vrouwen met een betaalde baan was 
fulltime werken (40 of meer uur per week), in vergelijking met parttime werken, 
geassocieerd met een lager geboortegewicht in de nakomelingen. In onze studie 
was aantal wekelijkse werkuren niet geassocieerd met andere zwangerschapsuit-
komsten. 
Het tweede deel van dit proefschrift betreft de associatie tussen sociale positie 
 enerzijds en gedrag van jonge kinderen en een hardhandige opvoedingsstijl van 
ou ders anderzijds. In hoofdstuk 3.1 toonden wij aan dat verschillende indicatoren 
van een lage sociaal-economische positie, zoals laag opleidingsniveau van  ouders, 
laag gezinsinkomen en laag beroepsniveau van moeder, geassocieerd waren met 
een moeilijker temperament in zes maanden oude baby’s. Alleen de richting 
van het verband tussen sociaal-economische positie en de temperamentschaal 
Sadness was omgekeerd. Het effect van sociaal-economische positie op de tem-
peramentschalen Distress to Limitations, Recovery from Distress, en Duration of 
Orienting was grotendeels toe te schrijven aan een jonge leeftijd van moeder, al-
leenstaand moederschap, stress binnen het gezin en psychische problemen van 
moeder. Deze variabelen konden de hogere scores op de temperamentschalen 
 Activity en Fear en de lagere scores op Sadness van baby’s afkomstig uit gezinnen 
met een lagere sociaal-economische positie niet verklaren. 
Hoofdstuk 3.2 beschrijft dat immigranten ouders met een niet-Nederlandse achter-
grond meer gedragsproblemen bij hun peuters rapporteren dan Nederlandse oud-
ers. Deze associatie werd gedeeltelijk verklaard door een lage sociaal-economische 
positie en door psychopathologie van de moeder. Hiernaast toonden wij aan dat 
de gedragsproblemen van niet-Nederlandse kinderen groter waren als er sprake 
was van ongunstige immigratiekenmerken bij de moeders, zoals eerste generatie 
immigrant zijn, ouder dan 16 jaar zijn ten tijde van de immigratie, slechte Neder-
landse taalvaardigheden hebben en het gevoel hebben niet geaccepteerd te worden 
door Nederlanders. 
Tot slot was het doel in hoofdstuk 3.3 om determinanten van het gebruik van een 
hardhandige opvoedingsstijl te identificeren. Hiertoe bestudeerden we de opvoed-
ingsstijl van moeders en vaders van 3-jaar oude kinderen. Wij toonden aan dat 
psychosociale kenmerken van ouders, zoals psychopathologie en het ervaren van 
stress, voorspellers zijn voor het hanteren van een hardhandige opvoedingsstijl 
bij zowel moeders als vaders. Tevens waren sociodemografische kenmerken, zoals 
184
chapter 5
jonge leeftijd van de ouders en een niet-Westerse achtergrond (alleen eerste ge-
neratie immigranten), voorspellers voor een hardhandige opvoedingsstijl van beide 
ouders. De indicatoren van sociaal-economische positie waren echter  duidelijk geas-
socieerd met het gebruik van een hardhandige opvoedingsstijl van moe ders, maar 
nauwelijks met het hanteren van een hardhandige opvoedingsstijl door  vaders. 
De bevinding dat laag opgeleide moeders vaker een hardhandige  opvoedingsstijl 
hanteren was deel toe te schrijven aan andere sociodemografische kenmerken, 
zoals een niet-Nederlandse achtergrond, laag gezinsinkomen en jonge leeftijd van 
moeder.
Hoofdstuk 4 geeft een meer algemene discussie van de belangrijkste bevindingen. 
Omdat we niet alle sociale ongelijkheden in zwangerschapsuitkomsten en gedrag 
van kinderen konden verklaren in dit proefschrift, hypothetiseerden we in dit 
hoofdstuk welke factoren verder een rol zouden kunnen spelen. Tevens worden 
enkele methodologische kwesties besproken die onze bevindingen mogelijk heb-
ben beïnvloed. Het laatste deel van dit hoofdstuk beschrijft enkele implicaties 
voor het volksgezondheidsbeleid.
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LIST OF ABBREVIATIONS
AC Abdominal circumference
BMI  Body mass index
BM  Basic model
BSI  Brief Symptom Inventory
CI  Confidence interval
CBCL/1½ -5  Child Behavior Checklist for toddlers
CTQ  Childhood Trauma Questionnaire
CTS-PC Parent-Child Conflict Tactics Scale
df   Degrees of freedom
FAD Family Assessment Device
FL  Femur length
HC Head circumference
IBQ-R Infant Behaviour Questionnaire-Revised
IUGR Intrauterine growth restriction
OR Odds ratio
SD Standard deviation
SES Socioeconomic status
SGA Small-for-gestational-age
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